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I'UFFACE 


DmTui* v7i(‘ jiast U'W ycaiN so much fruitful rcscn?(‘h work luiH 
hmi fiirricd <iut in nu‘tallograjih\ , crvs1allogra]»hv, dcctro- 
clu'imdry, colloid ch(‘inistr\ , and^co-chomislry that u<’ arc enabled 
to }i})|)ro<ti‘li tlTc subject of m'Jals m an alt(»^fctlicr nenv s])irit. It is 
ift)w ]V)Ssibl(' ^o Misfeed reasons for ]»}i('noju(‘ua, wliicli at one timp 
a|)|>cartxl inc,\j)lif-<(lilc, ami to delect n'lrulantics ^^herc oik’(! the 
fa(*ts seenual elumtie Advantaj/e should sun'Iy !»' takei\ of tlic 
new as]ie(t <if Die subji'ct inVDiA t<‘\tl*ooks '1 iu' traditional 
practice of jj:ivini: lout; " eaialouues'of s.dts " and emjiiiienl acicounts 
of inetallui’CK al jiroe(‘sM*s. i> no (haibl (tf use for books (»f ref(*renc(‘. 
Jfut in books intended for ('(uitiimous readinjx, such a method is 
far 400 uniiis[iiniij', and should be abaiahmed now that knowledge 
has advaiaa'd sudiciently to offer soniething#better, 

* In this book, an atli'mpt is ma<h‘ to e(U’^(*late cause and cfTi'ct, 

to ^n1r('due(' such theoretieal \i(‘ws as will serve to eonnoci 
the know'll facts in an ord< red and (i(‘gaii1 seipienei'. 'J'he hook 
is intended for tlie ad\ane<'d student fd inorganic anti naiallur- 
gieal eheniistiy, and lor those engaged in restaireh in tlu'se subj(‘etH. 
The industrial ehennst will, 1 hope^dso find it of assistunee, whilst 
certain ^loit ions ((> g, those dealing with work-hardening, rt^frystal- 
lization, the efTeet td irnpunties on nietalV, aial corrosion) #houl<l 
})rov(‘ useful to the engineiT. ^ 

* The tlilfieulties which T have evjxa iemtal in wTiting tne^ bo<ik 
have servt'd to con\inee me that tlu^ work is really neej|^‘d. Much 
inf(»rniation wliieh 1 regard as being of the greatest imjXfrfanee J 
lyive found scattered through the recent volumes of the seiimtifie 
and ttM-hnie.d journals iy many <'ases in jounials which are not 
commonly eonsiderr'd as being devoted to elimnistry at all, and 
w'hieh appear snmetinles to have Ohcaped the notice of the writers 

standard ehemicyd texlbo?»ks. 

Of the four volumes, the first is of a gein;i1\b/ed eliajwter. It 
hBfpris with an Infroduetioy in whieli I have endeavourcfl to con- 
dense the elerfentary priaei|)leH of general chemist ry, physics and 
geology, a knowWdge of w'hieh ^e reUder is axHiirncfi in>the brjdy 
woi;^> TItf 4>odj’ of Volume 1 is di\ ided^nto tw® 

ill * * 


of the 
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‘f)art8, “The Study of the Metallic State’’ (Metallogra^y) 

“ The Study of the Ionic State,” (Electrocl^mistry). The jnetal- 
lographic portion includes the effects of di^formation, annealings 
and jilfo;s?ing on the properties of metals ; f^e electroch«micat portion 
includes such su])jects as the stn^^ture of preoipifates, the colloidal 
state, (‘lectro-deposition and corrosion ; it closes with a chapter 
on radioactivity. By the tleatment of <.hc inetallo^aphy and 
(^hictrocheinistry of medals in a gen -ral fashion, with examples 
chosen from individual metals, these two subjects are present^^ 
in a moft; satisfactory manner than if they were intro(L,-*<!rpiece- 
meal in the sections devoted to the different metals. In a(ldition, 
a great d('al of wearisome repetition is avoided in the subsequent 
volumes. c 

The chapt('rs dealing with electrochemistry have presented 
a})ecial difficidties. 1 do not believe it possible to obtain a proper 
inid(TstaiKling of the chemistry of metals without some knowledge 
of ('lectrochemistry and colloid chemistry. In order to throw 
ojH'Ti th(‘S(‘ subjects to all, 1 have made the treatment, as far as 
possibh', non-mat hematieal. A great obstacle to the attractive 
presentation of ('lectrochemioal ]>rinciples is the barbarous char- 
act(‘r of the nomenclature in use ; 1 hav(^ not felt justified in ii\tro- 
ducing a new nomenelatun', but have tried to make the best of 
the existing terms, selecting a terminology which will be definite, 
even if it is not digniiu'd. 

In Volunu's 11, 111 and IV, I deal one by one with the individual 
metals. The ordi'r observed is based upon the Periodic Table in 
a form similar to that made ])opular by Sir James Walker. The 
old form of the Periodic Tabje which classes sodium along with 
copper ^has now — it is to be hoped — few active supporters, although 
it stiH m’uanients the walls (J our lecture theatres, and appears to 
tind fu'our with the authors of chemical trei^tises based upon the 
classical model. In the new table, which accords w'ell with the 
chemical and electrochemical properties of the elements and is 
in harlfiiony with modern ideas of the structure of the atom, the 
elements can b,e divided into three main classes, and I have allocated 
a different volume to each cla.ss. Volume II deals with the n&etafs 
of the “ A Groups,” Volume III with the ” 'lYansition Elements ” 
{“ Group VlII ” of the old table), whilst Volume IV deals with the 
metals of the “ B Groups.” • 

The space devoted to each metal is divided into three main 
sections. The first deals with the im^tal and its compounds fr^ 
the point of view' of the academical laboratory. The pure chem- 
istry of t^ic metal and its compounds is here discussed ; no reference 
to orcs,^techni('al pocessYs* and^imh^istrial ^ppl^catio^ is made in 
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tliifi section, which is therefore fairly concise. The section end# 
with fissummary of th# methods of Analysis of the metal in qflostion, 
^g-lthoi 4 gh the book is mot intended as a practical analytical hand- 
book. * • ' • ’ . 

The second section deals shortly with the terrestrial occurrence 
of the inet^ in question, starting with its origin in the rock-niagnia, 
and discussing the probable inode of formation of the important 
ores and minerals, both prftnary and secondary. 

Tl^third section- -which is f#ten the longest— is of a technical 
chanirtVi?’ We start with the ore or miiUTal, and follow the metal 
through the jiroeesses of concentration and snu'lting, and linally 
consider the jiractieal uses of thjj^ element, and of com[)ounds con- 
taining iff; 1 have tried to slu^w why the properties of thti individual 
fhctal— as st%t(‘d the theoretical stTtion — render it suitable for 
the vefrious uses fo which it is put, and to make the technical section 
a Correct survey of industry earned on at the })resent time; I 
have only referred to obsolete methods of })roce(lur(! in a few jilaces 
wher(‘ such a reference is thought to lie instructive. 

Stress has been laid on the inijiortant points, which have b(*en 
illustrated by a few' chosen (‘xamph's in order to avoid burdening 
thuriiuder with a mass of names and numbers, which ho wall not 
retain, and w'hicli can be looked up when r^quir(‘d in a table of 

* physical constants or in a detailed book of rehTonce. JVopt'r names 
h^ve hq;gcly been concentrated in the foot-not(‘s, and thus k(‘pt out 
of the text ; I have written a book about chemistry- not about 
chemists. Likewise the figures are frfnkly diagrammatic, drawui 
to emphasize the salient points ; in the diagrams of technical 
plants much that is of merely stj;uetural im}>ortanc(‘ is omitt(‘d. 

I have only employed the historical f»rder of d(‘Hcription ^vlieri^ it 
happens also to be the logical order. * , 

Throughout the book numerous nderences are given, foot- 
notes, to sei(>ntific and technical literature ; these Hh(«ul(n)e con- 
sulted by the reader who wishes tf» study any gi\'en part of the 
subject in greater detail. In selecting these refervtit i-s, 1 hftvc not « 
given preference to the work of the actual originatoi;H of the various 
the<Jrie8 or processes, but Jiave sought rather to provide the rcadc^r 
with the most recent information regarding the mattcu’ under 
discussion. The receht papers themselves will include references 

• to the earlier ones^ whilst tlie converse is clearly not true. 

In subjects regarding w hich disagreements prevails at present, 
Idiave in most cases depai^ed from the usual custom of giving in 
turn a summary of the views advanced by the various disputants, 
as this practiced 8 apt to leave*tho feader hopelessly bewildered. 
Ra^r, tifki\<j*«ndeavoui;pd to, suggest a standpoint ^hich the 
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i,verago reader may safely adopt as a working hypothesis, until 
furthei* research finally decides* the question under disput#. If, 
however, the subject happens to he one of special interest Jo th^ 
r(‘adyr, he ftliould consult the references lA the foot-iu^es, Jind form 
his own o[)inions. In these foot#not(;s, he will liiid nfcences to 
Tuany authorities whose views are not held by the prcgi'nt writer. 

As ali’cady stated, great efforts have bitui made to render the 
book as “ up-to-date ” «u,s ])ossiblo, btt 1 have not concealexl the 
fact that uncertainty still prevail on many parts of the suj)jec^f'* 
and tliat r(‘search is continually being (jondueted to these 

doubtful ])()ints. 1 have imdeavoured to prt'pare the reader to 

r(‘.visc his own opinions witluuit^undue reluctaiu'c I'vcay time he 
may o])en a seientilie. journal. ^ * • 

1 wish to return thanks to the numerous frieyds ^^lo have verj^ 
kindly givtui information or adviei'. Ksp(‘cia!ly Vould 1 imaitiou 
Mr. fk 'r. Hiycoek, Dr K. K. Hidi'al, Prof. H. (\ Jl. (Virpent%‘r, 
and Mr. Maurie(‘ (Viok Mr. Cook has piH'pared tlu* micro-photo- 
graphs accompanying V^olumcs 1, 111 and IV^ of the book, and has 
shown mu(*li skill and patieiua* in obtaining results whii'h illus- 
trate ck'arly tlu* points (h'seribed in the' text 

II. K. W. 

Cambridoe, 102:1., 
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NOTK ON MlCRO-rfto'l'OGRAPHS IK PLATE 


(I’roparod specially hy Mr. Maunoo Coiik, ^f-Sc.) 

Fig. 

A* a-Brass : 70% copper, 30% zinc. ChtU Cast. Etohod witli ferric 
chloride and liydrochloric acnl. Magnification, X OO, 

B. a-Brass : 70% copper, 30®^ xipc. CoUi worked and annealed. Etcliod 

with feme chloride aiul hydrochloric acid. Magnification, X 40. 

C. a/j-Brass : 00% copper, 40% zinc. Etched with ferric chIoii/.lc mid 

hydroclilora^ai’id. Magnification. X <»0. 

D. Aluminium Bronze: 80% coiipor, aluminiinn. Annealed at 

520*^ C. for InTIf an hour. Etched with feme chloride and hydro- 
chloric acid. Magnification, s 440. * 

E. Aluminium Bronze :<i80% copper, 11*’,, aluminium. KaU i-f/nenched 

from 750“' C. hitched with ferric chloride and hydrochloric acid. 
Magnificatioip \ 

F. Bearing Metal : 87*^0 tiu,^ 9‘’o antimony, 4% c^per. Chdl Cast. 

‘ Etched with alcohoho nitric acid. MugnificatiOT, X 60. 









Copper . 
^jjver . 
G6ld . 


GROUP 

Atomic ^ 
Weight. 

# 

. 63-57 

. 107-88 
. 197-2 
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Ib 
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Normal Electrode 
Poteni/al (Hydrogen 
Scale). 


-I- 0-3469 volts 


•f 0-7087 „ 

-i- 0‘985 ,, (approx.) 


.Jn passing from the transitifflii elements to Grouj) Ib, we return 
to metals whicli apt)<'ar to be nionovalei^, at least in one class of 
saltif. In the older form ('f the Periodic Table, copper, silver and 
gold were classed along with the alkali-metals, idthoiigh it is impos- 
sible to say that the three metals resemble the alkali-metals in any 
respect other llnan in valency. In this book a form of the Periodic 
Table is oinj^loyed, which shows the “ B ” groups distinct from the 
“ A ” groups ; the employmetit of this newer form of the table 
refiders it unnecessary to waste space in attempting to discover 
.fiuiilarities and analogies between coppci* and potassium, which 
do not, in truth, exist. 

'two metals of the group, copper and gold, have a second series 
of salts in which a vahmey liighiT than o’^e is i‘xertod, and in these 
cases of variable valeiu y we lind coloured compounds. It is 
interesting to note that the metals themselves are coloured ; that 
is, the surtiuMi reflection of those ray.'- to which our eyes are sensitive 
is of a seleitivc charac-tcr. In most of tlje metals luthorib con- 
sidered, the lii.stre has lieen a “ white ” one. In silver, the dloncy 
is almost invariably nionovalent, and the metal is white.# most 
of the salts of silver also are almost colourless; .sucii selective 
absorption as oemrs is in the ultra-violet region of tln^ ?ipe^*tniin 
to which our eyc-s are not sensitive. 

Th# metals themselves are malleable and ductile siibatHnoes, 
which are exceptionally goinl conduces of heat and ’electricity. 
They stand rather towards the “ noble ” end of the Potential 
Series, and are easy to deposit quantitatively from aqueous solution 
by electrolysis. /)n vhe q^hcr hand, copper and silver show far less 
t^i^ency towards passivity oa valve-action thitn the metals hitherto 
considered, an^ c?n usually^be dissolvt-d quantitatively from an 
anode. As in the transition elvnent|^, the noble ” character 
of the elements the group increases as* the atomic weiglit rises. 
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METALS AND METALLIC COMPOTODS 


COJ'l'ER 

Atomic vvciglit . . ().‘)'57 • 


% 

The Metal 

Com])ii( t coj)[H‘r iM a rcddisli metal which can ho pohshed to 
display a hrilliaiii lustre. Th^ nal colour appears more' intense if 
light is ri lh'cted at a eo])per surfae^' several tinu'S hefort; reaching 
the ev(‘. d’lu' colour is due to the fact that the r^al r;i^'s are retlec'ted 
at the surface more' (‘(un[)h'(ely than the green and him*, {ftul it is 
not surprising to tind that the light which passes Ihrovrjh a fhin 
cop[)er leaf contains a })reponderanc(‘ of th(‘. shortcT rays. Thus, 
although r(‘d hy retl(‘et(‘(l light, (‘,o})j>(‘r appears hluish-green by 
transndtted light 

Pun' copper is a very .soft nu'tal, but tlu' hardness is considerably 
inereas('d hy cold -working, and still mon' by the ])res(‘nce of fc>th('r 
metals in solid s(4ution matters which will bo considered in 
furtlu'r detail in tln^ ti'chnieal section, d’ho spt'cific gra\ity is 
8-tl and tiu' nu'lting-point l,(KS,‘l'^C. • 

('opper is (‘.xtrenu'ly malleable and can be rolled out into shetds, 
or beaU'ii into foil or t}nn*l('af ; it is also ductile, and can bt‘ drawn 
into win^ It is an ('Xi'c'ptioually good conductor of lu'at and of 
eh'ctrieity, but hero again imyuritii's have a eonsidt'rablo ctTect, 
which ^w ill b(' considered in tlu' t<'ehnical st'ction. 

PoyjH'i- crystal li/,('s in*th(' <‘ubie .sy.stem. Well-fornusl oeta,he(b'al 
crys^ls (tf cop|)('r ar(' found in nature, and aK(‘ sometimes produced 
ju’e ideiltnlly in tlu' working of a Daniell cell. (Vystalline growths^ 
(•f copper, showing octahedrM faces, are also produued sometimes 
in tlm eleetro[)'sis of a copper sulphate .solution at the corner of a 
eathodt', whe^;e tlu' conditions are such as to allow aji individual 
crystal to develop freely. ^ In ordinary ^'hrtroly tic copper, hoifcver, 
the erystals growing out from, the cathoile surfime grow into contact 
laterally with one another, and the structure is columnar.^ If, 
owing to high current density comlTined with absence of stirring, 

• ^ • * ** 

‘ Coingaro I/. .Vddii-ks, Ekctrochem. Tmi. 3 (lOU.i). *267. * * 

* (). Fuu.'>t, Zt'tlsrh. Anonj. Chem. 78 (1912). 201, W. BJiim, H. D. Holler 
uiul H. S.- HjiAvdon, Trana. Amtr. EUctmchvm. Sor. 30 (1910), 159. M. von 
iSt'liwrtrtvi^ Int, Zatsch. Afet. 7 plOl.t), 124. .\. Slovcrfs end W. Wipf^Mnnuin, 

ZciliH'h. jMfinj. Chan. 91 (l^,)l^>), 1; 93/1915), 287. 
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tl*e concentration at di^rent i^ortions of the cathode hm been* 
unequal, moss^^ or deiillritic growths will be obsiTvtMl, whilst at- a 
]^ill higher current density dark, spongy, in<‘oheront copper is 
obtained. Th(f t auscs of the dilTcrences in the striicUire of dhe 
electrolytic dept>sits of copper hav» been considered in ('hajdcr XI 
(Vol. I). ^ 

In micro-sections of ordinary t'opper east from the fused Hiate, 
the usual polygonal grains corTmon to most c»^t metals are geiUTally 
observed. When the metal uimcrgoes deformation tlui grains 
become elongated, and sections of copper wire show a tibnms 
strueturd; on ainu'aling, tin* filuous striu ture gradually diMipjaairs. ^ 
The internal crystal-slnicture of c#>pper has Ikcii studied i)y tlu' 
X-ray mcdind. and it is foumbtliat the atoms af(' arranged on a 
face-c(‘ntrcd cidiie )^)^^c(‘-lattice.- 

A smooth co[)])eT' surfaca* loses its initial biiglPia'ss when exjxjsed 
to (flunj)air, taking onaduil lirowni.-h c olour, w Inch may be r(‘gard(‘d 
as due to a very thin o\i(h'/.(‘d-la\t‘r. 'I'lie action is, however, 
contiiKsl to th(‘ surf.ue, and no further oxidation t.ikes ]>lnc,e at 
ordinary temper.d nres. At a higluT temjs'rature oxidati<»n ocdirs 
f'ven in dry air and may eauM* interfenmee eohairs , at -a n'd lunit, 
a dank lav r of oxide of a]>pre( iahh* thiekiUNss is fornnsi, hut even 
at this temperatun*, tlu' ellVet of »nxida.tion (>>es lutt. extend far 
beho' the surface, InsauM' tii(‘ rat(‘ of ditfusion of oxyg<*n through 
the oxid^-layer (piiekly falls olT as the thickne.ss of the l.iv(*r in- 
creases.' ^riie (lark oxide layer a])p('ars to he eujiric oxide ((^J()) 
on the outer surface and <Miprons oxid<* t('u^O) in the lower juirtioiis. 
Finoh' flivid(‘d ef>pper obtained hy iedn< tioii of tlie oxidi* is 
oxidizeti readiK hy aJr e\en at low temperatim^s. 

(Jopper cannot und<T ordinary eneumslanc(‘s <*\olv(‘ liyfJrogen 
as a giis from dilute liydivvehloric or sulphurfe a< id. It is, ho^^w'er, 
appreciably attacked by thestt aciils if an oxidr/ing depola%.er, 
such a.s hydrogco jsToxide (»r sodhim hv po< hlorit^. is present'^; 
dilul<» sulphuric acifl slowly attack coppf-r in ))n^miee of 
air. Jdkewdse, tiie metal dissolves in oxidizing acids ; .i^ i attri^'kisi 
hy^hot concentrated sulphuric acid sulphur dioxide Ixnrig (wii'vial 
and also by nitric acid with the [irodm tion of varbimj uxifh's of 
nitrogen. In the latt^T ease, the action is rather slow at first, 
but afterwards b{‘cnriies very rapid; it appears that nitrous iu*id, 
whieh is one of the proiluets the feiwtinn, aets as a catalyst. 

• 

H. Bauckt’, lut. Zeitsch '. kteL 4 (1913), 1,15. 

» W. L, Bragg* /V/d. Ma{j. 28 (1914), 3i5r), 

» N. B. Pilling and R. K Kedwoith, 4. /v^f,Mrf. 28 (192.3). 

* Compare O. p. Watta and N. D. \Vliif)ple, Atnrr. EliCtrf}C^(m *^oc, 

32 (J^7;^7. * 
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MRTALS AND METALLfC COiTPOUNDS 

^Jf a sjib.stanrc, liko urea, which destroys nitrous acid, is added 
the nitric acid, the attack uj)on the copjfcr is almost ciitirely 
prevented. ‘ ^ » 

A« piece ot copper imm(‘rs(‘d in nitric acid of specific gravity M08, 
and caused to rotate nipidly is*only sliglitly attacked ; but it is 
Hi^riously dissolvc'd, wh(*n alhoved to remain at r(‘st in tl^‘. same acid.^ 
The explanation is sinipl(‘ . when the copper is at rest, the nitrous 
acid, formed by th(i i^acti»»n, re^naiiA at the surface of the medal 
and aids further dissolution Hut, if the surface of the metal is \n 
constant motion, the nitrous acid is carrual away from the metal 
as soon as it is formed, and the cata.lyti(i acc,eIeration of tftc action 
do('s not occur. ^ 

When compact copper is iinmer.se^l in watf'r containinpf dissolved 
o\yg(Mi, it soon becomes dulled, owing to tlui formation of a thin 
oxidi/cd layer (“tainish”) 'riu* characti'r of this layer depends 
somewhat upon the preliminary tnaitmcnt of tlu' nudallic surfticc, 
and upon th(' conditions of iinim'ision, but it is often of a highly 
resistant chaiactcr and will ])rot(‘ct the metal from furthiT attack. ‘‘ 
A light (straw-cohaiK'd) tarnish appeals usually to be mon* ri'sistant 
than a dark (reddish) tarnish 

('opjicr IS attacked readily by aipieous amimmia or ammonium 
nitrate' in tlu' prcsince* of oxygen, dei'p violet-l»Iu(' ammino-eom- 
pounds lu'ing prodnc/‘d * In fact, if bright dry copper b(e ])laced 
in moist air containing ammonia, tlu' surfaci' soon blacl ens, and 
bi'c.omes coNC'icd with dro]»s of a dee]) \iolet-bluc liipiid ^ 

It is inti'resting to noV' that co])j)er — unlike iron or nickel— is 
se-riously att.ickcd by fused caustic alkalis. If caustic soda be 
lu'ated at Hop (' in a copix'i* e rucible, the fused substance quickly 
l»('com*'s blue, and a numb('r of small solid scab's ajipear susjx'iided 
in thu “ iiK'lt " At higher tenqu'ratures (oOtr C\) the melt becomes 
darl^ thrown, and daik crystalline matter, a])])urcntly cupric oxide 
(Cu()).‘a])j)ears at the' bottom of the crucible.® 

Although c()[)])er lu'eomes «}»assive much less readily than the 
mi'tals of previous groups, it I'an be rendered jiassivi' by iininersion 
in a solution -of potas.sium dichroniate , when in the pas.sive con- 


^ V, n. Proc. Half. Soc 46 (1889), 216 ; J. t>oc. Chem. Ind. 10 (1891), 

2U4. 

* .1 If. Stansbh', 'I'rans, Famdaif Sor. ^ (1913), 11. Actually an electrode 

of |>l»\tiT\uiti I tinted with «’opper win u.seil in the yvpi'rirnont, no external 
K.Xl F. Innng npphedi 1 « 

“t«. 1). Ik'ugoajjli anM O. F. Hudson, J. M(t. 21 (1919), 102. , 

* H. Ifnssett tmd H. U. Durrant, TransSChein. Soc, 121 (1922), 2630, nnd 
thiit ttie funnumin Ih'ooiik'.s largely oxidisetl, the naun 'finaluet being the 
nitrite pAitNlI dj 1 (NOj),. v 

'' F. H. Kvan.s, V’rraa.^.' Sor. (1923). ® 

* T. Wallace ilml A. Vh^k, ''I'rans.^ Clittti Sor. 119'(Hr2l), 
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^fition it will not (linphu-e silver or incrcui^v fr<.>ni soltilioiis of tln ii^ 

|5altR.^ 

• ' The asodic attack** of (‘o])|>(t ilillVrs from that of 1hi'»inetals 
hitherto d(‘.scTi1)ecl in that a eopjK'r anode slnms \{‘ry litlle tc'ndMiey 
to become passi\e through anodic trcatnuait If a .solution of 
sodium sulj'.haie is (iect^^tlyscal in a ccM lilted with a i-opper aiicule, 
the solution IxH'ojnes blue o\yng to (he presence of laiprie sulphati*. 
The rate of dissolution of tin* aia^h-. ealeiihiled on th(‘ assumption 
tiiat (Mijuie sul]>hat<' is formed, (’orrosponds to a current (ihci(‘ney 
of loti loo per cent. . tlu' fact that the ellieitney execisls 10() ])er 
cent, shitws that in addition t<i eiiprie ions, Cu *. a. certain amount, 
of eupnais ious, Cu', ,ire formed The anode usually lua-omes 
epven'tl with red ( uprous o\i«|«‘ but this is not closely adherent, 
and dot's not cau'^e j»,issi\ity. In a solid khi ol sodium chloride, 
the euiT(*rd etlii‘ienc\ ealeulateil on (he sam<' ba^is is still hi^du'r 
ISo ])er cent is (pule uoia! whilst 2ot) jx-r end « an Im' reached, 
i'his latti'i’ litrure mdicales that only cuprous salts ale hc.nn; binned. 

Laboratory Preparation. In a dark, liiie}\ dn ided state. 
(‘oj)[»er can la pioducial by healin).{ llu* oxide in a eujTeid of 
hydrop^en • tlu' reaction is auto-eatal\ tic, jiroceedin^f slowly at. 
first, but whi'ii onci' a speck of red eojipei ayjx-ars at a. point, it 
%>‘ems to s<T\(' as a nucleus for futlher ri'duetion and the chan^i^ 
pioc('('(ls a])ace at that point ‘ Metallic copj/rr can also he produced 
as a dark red sponge, by th(' action of zinc upon tlu* aipieous 
solution of a coppei salt. 

If the preparation compact eopjM-r at. a low temperatun' is 
desired, it can b(' prodia (si by the (leitrolysis of a salt solution. 
From a sobnion of the sulphate' eontaiiunii sulphuric acid, (‘lectro- 
lysis will ^d\c a colu ient dc}H»sit a, nmeh^mon' biilliant dr'jiosit is 
obtained from a viohntly a^^itated bath e-mdaimn^f nitri(*^acid. 
If the cojipcr salts employed contain traces of other met ids (e^ non ), 
this second mcihod jicnerally yields a*j»urei prodm't than the first 
but, since much of the current is u.sia) up m the rcducticfli of iiitne 
acid, the curn'nt efficiency is always low. If a parta uiarlj '•moofh 
sMnifig deposit of co])]>cr is n-cpiin'd, it can be obfained f om an 
acidified sulphate bath eoiilaining ge latine , such a df]K)S)f has a 
lamellar structure, as opjiose'd to the* eeilumnar or fibrous structure 
obtained from colloid-fre'e bi^hs It is, lu>w(*\er, far from be*ing 
pure copper, sii^e b contains an important (quantity of ge*latine * 

^ t 

^W. K. Duns^m and J. R. itill, Trans. Chnn. Nw;. 99 (1911), im 

»a H. White, J. Phjs. Cfmn. 15 (1911), Till. 

^ R. X. PcoHo and H. S. Taylor. ,7T Anuk C/nm. Soc. 43 (19214, 2179. 

* (h (Jrulx' Jind ZntHrh, EUktro^h^n. 21 (1921), 45; C. CJndx*, 

mttktrochcm. 21 (f921), •0^. 
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MKTi\L8 AND xMETALLIC COMPOlINDS . 

WJit‘ro it is (l(\sir(*(l, to obtain pure cojoper from commerclUl 
copjH'r in the laf)orat<)ry, it is possible to adopt on a small scalp 
the iKocesH used in teehnolojjy for the Electrolytic nefining of 
(;opp(T • 

Allej^ed Allotropy of Copper. (\»h<‘n, iin])ressed by certain 
Hiniill ehiinges in the elect fieal resislutiec and densAy of copper 
hrouglit about l)y lieyting, has put f<>rward the view that copper 
undergoes an allotropie ehangit at about 72 OthcT experi- 
nu'nt('rs- liav<' ( xainitu'd this (piestion, and liave come to the 
conclusion that no sueli allotro])ie change occurs. It is, (d (‘o\irs(*, 
well known that any piece oj metal mIiicIi has und(Tgon(‘ any 
nu'chanieal dcformalion ('\('n of a sup(‘rtieial ehavacti'n is liable 
to c.\p('ricncc a certain change on luTiting, nainelv, recrystallizatioi. ; 
in the case (t| t Ik' softer nu'tals (haul, tin, zinc, copycT and alinninium) 
this changM' may eommcnci' to occur although very slowly at 
(juite low ti'injicral Uf (‘s. and will undonbti'dly ha^e a slight effect 
on the physical and (‘Icctro-chmui* al ])roperties of th(‘ nu'tal, Tt 
is likt'ly that sonu' at least of the changes whicli Cohen has observed 
in many (tf the sotti'r metals arc <lu(‘ to this cansi'. It is misleading 
to refer to them as allotropie change's 

M('\ ertlu'less, although the usc' of tlu' weird “ cilleetropy ” is 
unfe)rtiinate, the impeirtane'e' eif the' e'hange's must not be' e>v(Tlooked. 
The' potential eif tlu* /de'e-trexh' 

a 

Polisht'el or e'old-drawn eoppe'r | e-eepper suljihate soliitiem 
is feuinel to bei distinctly \ariable, eh'peneling on the me'chanical 
and tlu'rmal history of the' metal . only an eh'e'tre)eh' covered 
with spongy eop[H'r gi\e's a ju'r/i'ctly lixe'el anel e'emstant potential.'^ 
Cohl-eUviw'ii e'oppt'r will therefeire' diHVr fre)m anne'ah'el eo])pcr not 
only vn its me'e'hanie al jif'eipe'rties, but alse» in its e'hemieal behaviour. 

K 

r 

epmpounds 

, • 

Ceigjier feniys twe» eixieles. having the compositions CuO and CuaO. 
'l\vee e'lasses yf salts e'xist, eorre'sponding te> these two oxides ; 
then- are kneivsn rcspe'ctive'ly as the euprie' anel cuprous salts,* I'he 
cupric salts have many {Munta etf resemblance to th(' salts of nickel 
and of cobalt, metals whieh stand on the left of copper in the 
Periodic Table. On the other hand, the cupreeus salts present a 
ch>se rclatieenship t<)| the me)no\alcnt sa’ts e)f shviT, which falls 

• \ * 

* E. Cohen and AV. I). Hclderman. I'roc '*Atnst. Arad. 1^ (1913), 628 ; 17 
(191-t), 00. Coinpare the vanva of G. Mjwing, Zdtsrh. Mctallhmdet 10 
(1919), (k). 

* G. K. Hnnjcjjs and I.' Ne Kollljt'rg, J. Aal(jy^iri. 5 (1915), 657. 

* F. if. Geti^nin, Tnvtft. Annr. Eketroeffrm, <SSc. 26 {l 914 ),STr « 
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bftlow copper in the Table. On the whole eu]n ie sails are/nuoh * 
yiore liable than the cnprous. 

« • « 

A. Compouncfs o| Divalent Copper (Cupric Compounds^. 

Cupric oxide, (^lO, can br obtained, as has hern stated ab<)\(‘, 
as a black )wder by h^alii\if the tinwly jlixided metal in tin' air, 
although it is only forim'd to^a very small extent on the suHaee t)f 
ordinary compact co])p(‘r exjxKsed^o air at aliigli temperature. It 
i»also produced on heating tln‘ nitiate or carbonate. 

It may be prepari'd from copper salts liy pu t ipitation with 
caustic alkali A pale blue pieeipitate, usuallN regaided as till* 
hydroxide, ('u(()il)^. is In.vt pitfduct'd. whiclj uMiallv eitiitains 
alkali ; on warming the Inptsd tlu* precipitate becomes black, 
])r(\sumably Idsing^jiait of its water* After lieing iiltiTcd and 
washed, the prc'cijiitate sli uild Ik' fie.ated, so as to dii\e (»fT I he last 
part of tin* ^sate^ and eonied in air, cupric oxnle iM'ing thus obtained. 

It is staled that the blue hydroxide i> muth more stable if th(5 
solubh' copper salt is prc'seiit in 'light excess of tin' alkali used to 
precijiitate it • nider such ( ir< umstaiiees, the pieeipilati* n'lnains 
blue even on boiling, being pndiably stabib/ed by adsoibi'd cupric 
salt.* 

• When heab’d in hydiogen, cupric oxide is lediteed to linely -divided 
ci pper. If lu'ated \er\ strongly in air. it*, may lose jiart of its 
oxygen, ^iroducing euprons oxide, lint on eouling in air, this oxygi'ii 
is usuall} taken np again, 'bhe dissociation pn s.snre corresponding 
to the eqiiilihrium 

d( uO v-> 2('u A ) t Oo 

increases with the temjierature . ’1 is onl\ 12-5 mm. of mejjgury at 
tH)0°C., but is irilJ mm at l,tKMi (‘'* • 

Cupric hydroxide tjissolves in a< ids yiehling jiaie-bbie sofi^^ions 
'of cupric salts, and in ammonia giviiiL^ a de<']> \ loh t-blueyolution 
of an amnntnia eonqiniind Althougli not. appr(‘(Salily Ki*luble in 
dilute caustic alkalis under f)rdii)ar\ eiremnstanea’,., it dissolves 
in concentrated (30 ])er cent ) sodium hydroxide, yi';]ding a violet- 
bfuo* solution.^ This has bemi described by some chemuts i\h a 
colloidal solution, but it probably eontains a definit(‘ cuiirite. The 
solution appears to bi* fairly stable if the copjKT content is only 
• 

^ Compare tho -yewp of V. Kolits' hutOT and J. L TuhcIkt, Zr((/,rh. Aru/rfj. 

C/icm. Ill (1920r ,• 

• %N. G. Cfmtterji amf N K Idiar, Tratta. FarafUiy Soe. 16 (1921), ApiK-n- 
dix, p. 124. * * 

»F. H. Smyth and H. S. KoIhtI^, ,/. ,t»mr. Chnn. Soc. 42 (1920), 2r»H2 ; 
43 (1921), loHl. , • * 

^Justin Mnelle^i- limd. 167 (1911), 779; K. Muller, Zcttuch. 

33 (1920), *i, 308 ; 34 (1921), 371. \ • 
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* smaU, but a solution pontaining much copper is apt to deposif a 
brown precipitate of partly hydrated cupric oxide on sffending/ 
The wjlutions v(‘ry rich in alkali, however, dbposit a blue4)recipitatft 
which is hclicvcd to ho sodium cuprite, but tiio precipitate turns 
hhwk on washing, yielding cupfic oxide. 

Cupric Salts. Cupric •oxide, even livhen prodfleed at high 
t(unperatureH, disHol\;^^K in acids muoh more easily than is the case 
with most anhydrous oxidt^s, allfiough if the strongly ignited oxide 
be used, the rat(' of dissolution is slower than if the hydrated foiftis 
described above ar(5 employed. Cupric salts may l)e ^obtained 
from the solution by crystallii^tion. The salts of oxidizing acids 
can also bo t)btained ])y tlu; direct action of the add (e.g. nitric or 
liot strong sulphuric) on th(‘. nu?t-al. Many of them, e.g. tlio 
sulphate and nitrate^ have bluish solutiems ; \iie crystalline salts 
thems('lv('s an' in th(‘S(^ cases gcn(*rally blue. Cupric sulphate, 
for instanc(\ crystallizes in beautiful blue triclinic 
crystals ; tlu' anhydrous sulphate obtaim'd by heating the hydrate 
above 250° C. is colourless. 

Some of the salts show interesting colour-changes. The chloride, 
for instance, which is formed by dissolving the liydi'oxidc or (-arbon- 
ato in hydrochloric^ acid, is pale blue in (lilutc solution, green in 
modcratt'ly strong solution, and yi'llowish green when the coif- 
contration is vc'ry hf^h. Somewhat analogous changi'S are seen 
in the solid state : the dihydrate, CuCl.^.2H.A), is green, tlie mono- 
hydrate greenish yellowy and the anhydrous salt brown. The 
colour also depends on the temperature ; a solution which is bluish 
at low temperatures may become green or even yellow on heating. 
Further, the passage of hydrt/gen chloridi' gas through a green 
solution turns it >H‘lh>V’ or brown ; the addition of calcium or 
inag^tsium chloride has a similar effect, but the addition of zinc 
or mem uric chloride tends to cause the colour to return to green or* 
even blue. / * 

Th(^ cdlour-changes are quite analogous to those noticed in a 
solution of colialt chloride and (in a less marked manner) in a 
solution of ferric chloride. The table ^ on the opposite page makes 
the analogy clear. * 

If we can depend on analogy, we should expect that the blue 
colour of ordinary copper solutioiifw would be due to the copper 
cation (possibly hydrated), whilst the yellowish colour produced on 
adding hydrochloric Acid or calcium chloride .would be duo a 
complex anion contiuning copper, fo! instance, [QuClJ". There 
is indeppidcnt evidence fo^ thiuking that this is the case ; for, 

‘ F. Cf. Doii|Lan and H. Bassett, CheA (lOMfff 95ii^ 
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% I ^ Fwric CttMUt 

j • Copper Chloride. ^ Chloride. I Chloridf 

I ^ i . ^ 

I Colour of tt(fli<’ou8 solution i Hint* (dilute) ^ Wry polo y^* i Jtod^ 

I at ordinary temp^nituro ! (roiicen- , low ! 

! tratod) i I 


' Colour on licating . . f . iCroon (diluto) l Deep brown- | Bhio j 

I K Brown-yellow ish-ji'llow 1 

I - i (coventrated) ' j , j 

adding enlennn ehloridt*. Brownish yel- ] Deep brown- ; Blue j 

inagimsiuin ehlonde, eoncen- ! low i ish j^ellow i j 

i trated hydroehlorie ueid or ' | 1 

alcohol • ' I 1 

• * I ' 1 

JJn adding zinc elilorido or j 4lieen or blue , I’alc \ello\v Bed , 
mercuric ehljru 1^ j 


• 

when a solution of (‘upric cliloridc in hydrochloric acid is electrolysed, 
tho yollo^^ish constituent moves towards the anode. ^ 1 he grct'ii 

colour which is characteristic of cupric chloride solutions of ordinary 
concentration is possibly due to the simultan(‘ous jircsimcc of both 
blue cations and yellow anions, d’hc lattiT tcn<l to break u}> when 
the solution is diluti'd, • 

* [CuClJ" (’u" f tdi 

and thus the solution hciamies more bluisli. 

Recent 8pcctrosco|)ic studies- of th(‘ .s'ilutious appear to eonfiini 
the view, put forward ^oIne years ago. ' that the colour of a solution 
is independent of the actual degree* of dissociation into ions, Ihe 
ions are supposed to have tlio sa»ftc absorption for light ulicthcr 
they are moving about iudcpcndcutly or aj’c tixeel lirmly togidhcr. 
Such a state of ailairs appears very ])rohal)le. since it is bfl^eved 
•that the ions retain tlieir charge even when united to one |WU)th(;r, 
It is thought that the light blue colour of dilute aqui'ous solutions 
is due to a salt of the form [CidH.Ojdf 'U (<^r to ihejonff of such a 
salt), analogous to the compound [( u(NH '() 4 X ^ 2 » whc’li is tu-* cause 
of^he deep violet-blue colour of ammoniaeal solutions. Th' yellow 
colour of solutions in hydnVhlorie acid is supposed to i)e due to a 
complex salt HdCuCl j or to the ions of such a salt. It will 
obserx’cd that the co-ordination number, four, is assumed in all 

these compounds. * , , 

• "Jlie chief insoluble cupric salts are the baffle carbonate, sulphide 
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• and (orrocyanide ; the^e may be obtained precipitation. Tile 
green precipitate produced when sodium carbonate is add5d to ^ 
HolutUiii of cupric sulphate is apparently a mixturck of basic* 
carbonate hnd basic sulphate ; the composition of the precipitate 
seeniH to vary with the conditions of precipitation, and it is difficult 
to assign a definite formula to any of t||o constitucits. ^ 

The sulphide, CuS, unlike the sulphides of most of the metals 
hitherto considered, can be pri^iuced in faintly acid solution ; it 
is jirobably the main constituent of the black precipitate wh’iih 
eonu's (lowrf when hydrogen sulpliide is bubbled through a solution 
of a cupric salt containing a little free hydrochloric acid, but it is 
almost certain that cuprous suHdiide and free sulphur are present, 
(kipru! Hul|)ln(lo can Ik* olitained pwo by Inaiting cuprous sulphide 
with flowi'rs of siil[)hur at the boiling-point of^the latter. 

Tlu' ferrocyanide is a brown-red precipitate, which is of con- 
siderable intiTi'st to the physical chemist, owing to its employment 
as a semi-penn(i(thlc vicmhranc. When a single drop of copper 
sulphate is introduced into tlu^ inti'rior of a solution of potassium 
ferrocyanide by means of a jiipette, tlu* drop becomes surrounded 
with a membrane of the brown ferro(*yanid(*, which prevents the 
salts from mixing further ; thus the drop retains its forrh in- 
definiU'ly. If a ]Kfl‘ous vessel is filleil with copper sulphate solu* 
tion and immersed gn ])otassium h'rrocyanido solution, copper 
ferroeyanidi' is ])r(‘cipitated in the pores of the vessel, hnd con- 
stitaites a membram^ ])ejvious to water, but almost impervious 
to the moleouh's of substances like sugar. Tlu^ use of such a semi- 
])ermeablo membrane in measuring the “ osmotic pressure ” of 
sugar in aqueous solution luus been referred to in the introduction 
(Vol. I, page 07). 

AlUiough tlu* Imjieriueability of the membrane to sugar is nearly 
com^l^,e. this is not true of all dissolved substances ; potassium^ 
nitrate,* for instance, can diffuse through a membrane to an appre- 
ciable exU'iit, although less readily than water. Thus the membrane 
exliibfts “ selcftivo permeability ’’rather than “ semi-permeability.” 
'Phe cause of •s(*lectivo permeability is still a subject upon yhich 
disagreome^it prevails. The most obvious explanation is that the 
membrane is threaded by extremely small channels, which let 
tlmnigh the small molecules, but w'hich stop the passage of the 
bigger molecules ; thus, according to this ^ew^ the membrane 
acts as a sieve, or Mltra-filter, ^ 

The sieve theory in the simple form, however, ^can hardl/ be 

* R. L»Mond and C. Hoberlcte, Trttns. Chan. Soc. 11§ (1919), 908. Com- 
pare a. U. Pickering, jProc.fC^m. i>oc. 25 (1909), l^^^d discussion fol- 
lowing. • ‘ ^ 
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aiJbepted. It has boe^i found by microscopic examination^ that 
a, thin* ferrocyanicle membrane consists of a layer of colloidal 
•particles of sizes varying between 50//// and 4(X)////. The diamoU^r 
of the channels^ l^tween the })articles is bolicna^d t(f l)o about 
10 to 20 /t//. 'J'his is much greater titan the diameter of the molecule. 
On the othef»hand, the ^ores are smiUl emmgh t-o make it likely 
that all the molecules witliin^the pores are undt‘r tlie inliueneo of 
capillary forces, whieh may ])rev(‘^t the mohn ules of certain siib- 
sinaces from enk‘ring the channels, wliilst favouring the entranee 
of others. In this modified form, the sieve thi-ory is at least worthy 
of consitteration. 

Another possible explanation of^elretive permi‘ability assumes 
tlyii the meml)ran(! may dissol'^‘ dilTen'rit Mil)stanees to a dilTerent 
extent. Thus* a f(«rroeyani<l(‘ mmubraue placed betwirn a sugar 
solution and pure*wat(‘r will absorb water on ('ach side*, but the 
eoneentratioii of water in the membrane will be greatest on the side 
where the water is pure and undiluted with sugar. Water will 
then diffuse through the menihram^ from flu* si(i(‘ when' th(‘ con- 
centration of water is greatest to the sidt* where the eonei'ntration 
is less (i.e. the side with the sugar soluti<»n). and siiua* tlie nuunbranc 
will lihus become su})ersaturatt‘d with water on this side, wakT 

• ill pass out into th(^ sugar solution, 'riiu^ a st(‘a(ly flow’ of 
w'ater thrfuigh the membrane will proceed >11 a clin^ction whieh 
tends to^'ender the sugar solution more dilute. 'I’he sugar whieh 
is not appreciably dissolved by the memh^am' cannot pass through. 

Tw'o varieties of this latter theory can be di.stinguished, sinee 
it may be su))pos(‘d that <‘ither “tnu' solution'’ or alternativ(‘ly 
“ surface adsorption ” of water by ihe membrane is the important 
factor.-* In th(' see()nd case, the theory becomes ])r)i*tieally 
identical with the “ modified siev(? t!H‘ory ’ sugg<'Ht(*d abi^e, in 
which capillary forces rather than mechanical ohHtr^ctf>n— 
allows the molecules of certain substances to enter t.h(< ]»or(‘S, 
whilst iircvonting others. • * • 

Ammonia Compounds.^ When ammonia is add* d Ui cupric 
8 u^phfttc, a light blue ])rccipitatc first appears, which’is pros imably 
the hydroxide. This dis.sol\*eH in excess of ammonia to^ivc a deep 
violet-blue solution. By adding alcohol it i.s possible to obtain 
deep blue needles of the c<ynpound, CuSO 4 . 4 NH 3 .HjO. Other 
cupric salts yield a dec'p blue colour with amjnonia, and a solution 

• • 

‘ F. Tinker, P40C. Hoy. Sor. 9l [A] (1910), 357 ; Tran/f. Faraday Soc. 13 
(1917), 133. 

* E. J. Hartung, Faraday l^oc. 11^(1920), iii, 1(K). • 

• H. M. DawHon^and J. MoCrae. Trann. Sor. 77 (1900), 1239 ; H. 

M, IJawa^ TranTchem. ^oc, 89 tlW» 1666; 95 (i909f,^370. • 
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• of sipiilar uj)p(*araiicc obtained by dissolvii^ pure cupric hydroxide 
(free from sulphates) in aqueous ammonia. 1'ho araihoniac^l 
solute >n of cupric hydroxides has the singular projserty «f acting a« 
a t*olvent Tor cellulose. ‘ Rediusing agents, lil^ sufphur dioxide or 
])otassium ciyanide, destroy t^e deep blue coloration, cuprous 
(sompounds being [srodueed. ^ • 

The aininoniacal solutions of cupjjic hycb’oxide and cupric salts 
are su[)posed to (!o?itaiii such ^mmines as [Cu(NH 3 ) J(0H4e and 
[Cu(NH,.,) 4 j*S()j, and tin? de(‘p blue (colour of the cupric ammii»(»s 
lias be('n a.Mcrilaid to the complex cation [('u(NH 3 ) 4 ]‘' which is 
pre.siuit in all tlu' solutions. 

It is inb'rt'siing to note thatf in th(‘ ammines of^divalent copper, 
ius in the ammiiu>s of divalent ji^lladium and jilatinum, the co- 
ordination nurnher is four. On the other haml, c^implex salts of 
eo[)per are known in which tlu^ co-ordination number is six ; as an 
e.xample the complex nitrite K ,[('u(iM() 2 )cl may be mentioned.*- 

B. Compounds of Monovalent Copper (Cuprous Salts). 

Cuprous oxide, (^loO, ean as already stated b(' produced 
by heating cuprii; oxide at a high temperaturi', and cooling out of 
(!onta(!t with air. It is more convenient to jiri'pan' it in a wet 
way, by the ai'tioifof a reducing agent, such as hydro.xylainine ^ 
glucose, on a cupric fdt in the presence of alkali. The precipitate 
first throw'll down when a solution containing cojqier sulphatii and 
hydroxylarnine hydroclil^iride is rendered alkaline with potfissium 
hydroxide is light yellow', and is probably a hydroxide. But it 
soon bt'conies orang(‘ or brick-red, and when dried in vacuo over 
calcium chloride, is found be nearly anhydrous. The dry 
oxide «isually pos.sesses a bright red colour, although its tint- and 
still ^ilore that of the hydroxide varies somewhat with the method 
of fhimaration, being probably atTected both by the size of the 
particles aiul also by the water- content.^ Cuprous oxide can also 
be obtaiyed by the (‘leetroly>^8 of a scxlium chloride solution in a 
cell fitted with a copper anode ; the oxide produced is usually 
yellow if forHied at temperatures below' but is scarlet if 

formed at, 100'^ C. • 

The cuprous salts are lovss stable than the cupric salts. When, 
for instance, sulphuric acid is allowed to act on cuprous oxide, 
the main product is not cuprous sulphate, »but cupric sulphate 
along W'ith metallic v’opptT, Nevertheless, cuprous sulphate c^n 

' For details regarding tlu' solubility of eellnloso in thfse solutions, soe 
K. Connerade, Bull, Soc. (^hitn. Btlg, 28 (1014), I7(i. 

• F. H. Jeflerv, Trans. Far«niay 16 (1921), 4.'j3. 

» L, Moser. Zntsrh. Chem. 105 (1919). 112... 

*H. W. eiiUoA, J. Phtjs. Chem. M 332. ^ 
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exipt to a small extent iii* aqueous solution, as can bo shown by ^ 
boiling finely-dividocl C(J^pcr with cupric sulphate*. A small poiPtion 
of the copper is attackad, formii^g cuprous sulphate*, according to 

fhe balanced rdhetion.^ , * 

• • 

CUSO 4 + Cu CuaSO* 

The amount of cupr()UH#^alt feuincd isivcry small, but it is larger 
at 100^ C. than at ordinary tci^peraturcs. If the* solution is tilUu'cd 
hot, the filtrate on cooling d(‘])Osi|H a visible amount of metallic 
cfffjier, which sll()w^s that cuprous snipliate must have cxistcxl in 
considcrajde quantity in the hot solution, hut has partly decomposed 
on cooling. At ordinary temperatures, in a normal solution of 
copper su]j)hato*in (Xjuilibrium wiiTi m(‘taliie eop])(‘r tin* ratio of 
cui|)ric ions (C'u*') to cuprous (4’ir) is about 100 • 1. 

It is qot surprisiiljy tliat solid cuprous sulpliate cannot be* isolated 
frorq an aqueous solution. It has, ln)wcv('r, lH*(*n obtained through 
the action of nicthyl sulphate upon cuprous eevido at 1 ( 10 '^' (\. water 
and oxygen being t'xcluded.^ It is a grey ])owd(‘r which is d(*eom- 
posed by w'ater with tin* production of cupric sulphate and co])per. 

The view' has been advanced that (*uprous s\dphat(! is actually 
the primary product fornu'd w')n*n sul]>huric acid acts iq>oi» metallic 
copphr.^ 

• The halogen salts of njono\a,lcnt copper arc ifore stable than the 
sulphate, and can (*asily he pifpared in the .‘♦)lid form. These are 
almost insoluble in water, like the corr(‘.spunding silv(*r compounds, 
which they resemble in many ()th(‘r rc^peets, notably in being 
sensitive to light. Cuprous chloride, Cu(1, is form(*d when a 
solution of cupric chloride in hvdroehloric acid is boiled with 
metallic copper. • 

( Si f CuCI^ 2(Si('l. 

The cuprous chloride, produced is soluble in strong hydnx^Joric 
Sveid, but when tin* solution is diluted with water, it is^'lhrown 
down as a heavy white crysta 11 inc,prccipitat 4 *. insobiblo in pure 
water. On exjiosuro to the light, the white eoloiu tun:s bluish- 
grey. Cuprous chloride is soluble in ammonia, proilaeing a colour- 
less Elution, wdiich is easily oxidizcxl by th(* air, yielding tiie dwp 
blue ammoniacal cupric solution referred to above. A'sedution of 
cuprous chloride in hydrochloric a<id^ readily absorbs carbon 
monoxide gas, doubtless forming a compound. The yiowcT of the 
lower salts of (f)pp?r tot absorb the lower (kpsaturatfxl) oxide of 

^or further discussion of thi^ ecjuilibrium, and the effocjt of cuprous salts 
on the depoaitioft of copyK.*r, 8 <m> A. J. Allmaud, “ Applied Eloc'trochemistry ” 
(Arnold), tJhapter XVII. • 

• A. Kecoiu^ C9mpUg Ravi. 148 (1909), 1105. 

• J. T. JpundaJl Chen^ Soc. 105 (I9f4), 60. 
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I carbon may be compared to the power or the lower salts of iron a^d 
ruthenium to iniitc with nitric oxide. ^ . • 

Cuprous bromide is less soluble than tha chloride, but resembles 
it ip being^cnsitive to light. Cuprous iodide can^be formed from* 
cupric salts without the addition of a reducing agent. On the • 
addition of potassium iodi(le to cupric sulphate, cuprous iodide is 
fornu'd ; no doubt cupric iodide is first pfoduced, 

CuSO, f 2KI^ Cula f K 2 SO 4 , 
but it is unstabh*, and splits up sjamtaneoiisly, 

(hil^ (HiT + 1 . 

the cu})rous iodide being throvmi down as a precipitate. However, 
Rinc (5 the deeom])osition of the eu|)ric body is not quite*eomplete, 
it is best to add a rcdiuung agent, such as sul^ihur# dioxide : tllis 
removes the iodim*, and leaves cuprous iodide as h white 
precipitate, which is eviui more insoluble than the bromid<* or 
chloride. 

Cuprous sulphide is formed as a black substances when cupric 
sulphide is lu'ated in hydrogen. Solid solutions, having a com- 
])osition between that of cuprous sulfdiide and cupric sulphide,^ 
exist ; they can b(‘ formed by fusing co])per and suljdnir together, 
or by heating eupn^is sulphide in hydrogen sulphide. The sulphur 
cont(‘nt in thc^ latter^ease d(‘pends on the tempcTature employeef 
It increa.s('s as the temperature falls, until at C. th(j product 
is ])ure cu])ric sulphide. 

Cuprous sulphite is jfrobably the o?dy oxy-salt of monovalent 
(M)pper easily produced from an acpieous solution. It is obtained 
as a whit{‘ precipitate by ])assin« sidphur dioxich' into a hot solution 
of cupye aectat(‘ in acidic acid. Sulphur dioxide is h(‘re made to 
function, first as the rixlucing agent, and then as the precipitant. 

Cv^rous cyanide, VyiVN, is formed wheq potassium cyanide is 
heatedfSvith cupric sulphate ; a red ])re(;ipitate of cupric cyanide* 
is first produced, but loses •(;\ainog(‘n on boiling, yielding white 
cuprous eyaiqde. Excess of potassium cyanide redissolves the 
prixiipitate to^ give a ccdourless solution containing the complex 
cyanide KCN.CuCN, which probably iynizes in the mode expi^ssed 
by the formula, K[Chi(CN) 2 l. 

C. Miscellaneous Compounds. • 

Copper peroxide When hydrogenijwoxidc^ is added to an 
alcoholic solution of*cupric chloride^ at --40°C., and alcolifclft! 

* E. P^njak and K, T. Allo^ Ecoik. Ofol 10 (1915), 491. 

• L. Most'r, Zcitfich. Anorg. Chem. 86 (1914), 380. Cfemparo J. Aldridge 
and M. H Applebey, Trans* (Vtem. 4^ (19|^). 
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p(lJ»8h is then added, a dark brown unstable p<?roxide is obtained. ^ 
It can J)e washed witl# alcohol and ether at — 50^" C. 3'ho tftiiue 
C(»npound can be obtained in the dry state, by the jtction of t‘(hereal 
hydrogen peroxide on cupric hydroxide at about 0°C. i\jul is*then 
found to have the' composition CyO...HaO. If toiiched with* a 
warm glass rod, it explodes. 

* # * 

Action of Light of Copper Salts. It hits already been 
mentioned that cuprous chUTride and l)roinide, like the corre- 
sjjjy^ng silver salts, undergo a niange of colour when ex}K)Bed 
to light. The substance becomes first grt'yish blu(‘ (or dark green 
in the case of the bromide) and finally dark copi>cr-coloured ; the 
change does no^ occur if the comptninds are quite dryd There 
seems to bfs little doubt that, as yi the case of the silver conqiounds, 
partial deoonqKxsitk)!! occurs, metallic copper and fr(‘(‘ halogc'n 
being pifxluced ; the eoppe^r appi'ars first in partivles of “ colloidal ” 
size.* In the dark, the rcMTse cluinges occur. In the case of the 
iodide there is no ajjprcciablo ehango of colour on cxpt'suro, but 
it is fairly certain that some change oeenrs, siiuic the electrical 
conductivity of <’uprous iodide increases considf'rahly wlien it is 
exposed to light, and falls again when the liglit is slml off ^ The 
increased conductivity is ascribed to the free UHline ; its disappear- 
a^'ce in the dark is due to tlu^ reeombination o^thci two elem(*ntH. 

It has been found by indejK'iident work tliat^euprous icalidc' eon- 
taining a -trace* of free iodine is a good conductor, but tliat it loses 
practically all its conductivity when the free iodine is driv(*n off. 

The action of light upon copper ceanpoufuis may be* cxhiliited 
in a different way, by means of an ehs tric c(‘lj in wliich both poles 
are of copper, iK'ing ess(‘ntially simijar exe'e pt that one* is e xposed 
to light and the other is not. 'I’lie? light eause*s ehaiige*K»whie*h 
involve an alteration in the potential. TheVe*ll ^ 

^ 0op])cr j O)ppei-*formate solution containing I 
unilluminateel j formic leid^ i iilnimdated 

is capable! e)f developing an KM.I\*e>f ever 0*1 \olt.‘ 'I'lie*^ illu- 
minated plate :icts eis the ne*gati\e* (atUwkabhd pole 

• • 

Analytical 

The various reactions of e*op}K3r Halt»s given abe»Yo servo to 
characterize the conyionnds oT the metal. Particularly striking 

is the intense blu^coloratiefn obtained by addin if ^‘xcess of ammonia ; 

• • 

* G. Singh, Trmifi. Chem. Sor. *121 (1922), 782. 

• G. Rndert, Ann. Phys. 31 (1910),^5o9. Comparo K. Badekcr and E. 

Pauli, Phy$. ZeUJKh.*9 (1908), 431. * ** 

•T. W. gwe, TrmmAfy^r. Sol 81 (1917), :V51. 
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nickel* however, gives a similar reaction. The blue* precipitate 
produced by sodium liydroxidc also serves aitf a useful test ; it turns 
black on warming. Copper salts moistcmed ’with hydrochloric 
acid fmpa^t a grc^en colour to a Bunsen 5ame. « • * 

(^)pper is H(i[»arat(xl from most of the metaW hitherto described 
by the [)aHHage of siilphurettod Kydrogen through a faintly acidified 
solution. The 8ulphid(‘s ofVseveral other*metals (raoftly belonging 
to the “ B ’’ groups of the Periodic iTable) such as tin, antimony, 
arsenic, mercury, cadmium, IojAI aiid bismuth are precipitated at 
the same tinu', if these metals ha])pen to be present in the solurtWT. 
The se[)aratioii of tlusse metals by purely chemical means u a rather 
long operation, and cannot (^ere be described in detail.^ The 
separation from tin, antimony and arsenic dopends'on tlifi fact that 
tJui sul[)hid('s of thi'se metals ar? soluble in y(‘llow ammonimii 
sul[>hide. 'llie se])aration from the other met 9 . 1 s dependsi on the 
fact that cop[)('r forms a stable complex cyanide. Thus frcvn a 
solution containing (‘.xcess of potassium cyanide, it is possible to 
])re(!ipitate U‘ad and bismuth by nu'ans of sodium carbonate, or 
mi'i’ciiry and cadmium by means of hydrogen sul])hide, copper 
rt'inainijig in each case in the solution. 

Having obtained the wh()le of the copper in a solution free from 
all otlu'r nu'tals, ^nd having driven off cyanides, if present, by 
evaporation with sulphuric acid, w(^ can procei'd to convert tlK.‘ 
copper into some forifi in which it can be weiglusl. A rough method 
is to pri'cipitate with sodium hydroxide, and weigh as cupric oxide ; 
but the preci[)itate tbnAvn down usually contains traces of soda, 
which cannot easily be washed out. Copper may be precipitated 
as sulphidi* by passing sul{)hui‘ett(‘d hydrogen through the 
acidulated salt solution ; but cupric sulphide, CuS, cannot bo 
ignited in the air, as tl,ds would convert it to oxide or to sulphate. 
If j^^itly ignited in a cmrn'nt of hydrogen, cupric sulphide is con- 
vertcflk wholly to cuprous sulphide (tHijS)* a substance of very 
eon.stant composition, which can then be weighed. The estimation 
of coj)iK?r as sulphide prop('rly conducted is very accurate, but the 
ignition in hydrogen is a little troublesome. 

Co[)per is, however, mo.st conveniently estimated, as metidlic 
copper, b^ the eJertrolt^sift of the sulphate solution in any of the 
forms of apparatus described in Cliapter XI (Vol. I), The 
precipitation of the metal upon the cathode can be completed in 
ten to fifteen minu^os if the solution is rfypidlf sti«red ; the electro- 
analytical a]>paratus designed by ISand and by Eischer allow' exc^ent 

* • 

^ For det^la see F. P. Treadwell, " Quantitative Analysis ; translation 
by W. T. Hall (Chapmai^ and^Hall).* R. Fresenius, " ^nloitung aur quanti- 
tativen ^hemisobon Analyst ’* (Viewog)^ ^ 
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df^jposits of copper to V* obtained in this time. Neutral copper 
sulphate st^lutioiis do mit yield very satisftietory (leposita ifpon 
thCb oathoiie. But ffoiy solutions e<uitaining a little nitric acid 
(or, altornativeiy, sulHoient jmtassiuin cyanide or ammohium 
oxalate to form a conii)lex sidt) vj,Ty snuxdh bright coatings of 
cop|XT may be obtaiiu'd ; after dcjamilion is conipU'te, the electrode 
can 1)0 dried quickly by x/tishing with alcohol and iieating in the 
st(*am oven. 

One advantage of the (‘leetrolytlf* nietluHl of separating eopjK*r 
is tliat it largely obviates the t(Hlious chemical separation of cop])er 
from moSu of tin' otlnT nn'tnls reh'rred to above, 'i'he addition of 
nitric acid to the bath is usually ^uHicienl to previ'iit the co- 
deposition of IcaA, zinc, cadmium nickel and cobalt from solutions 
containing salts of these metals On the otln'r hand, if a int^tal 
like bisnmth, whicU fulls near to c<»p]M'r in the J^)t^'ntial St'ries, bo 
presrtit in the solution, it is neces.sary to n'gulate the cathode 
potential carefully if the st'paration of tin' two nn-thods is desired ; 
the electrolytic separation of copju'r and l>isinuth is eonducUxl 
from a tartrate s('lution, in whicii bismuth exists as a stable complex 
tartrat().^ If metals like silver, distiuetly more uoble than copper, 
be present in solution, they shouhl be ri'inoveil (l)y graded electro- 
lysis, or otln'rwise) befoie, tln^ (jiiantitativi' pg'cijiitJition of the 
c(,p|M'r is carried out 

Copper riijiy also be e.stimatcd by a volumetric method, 
inlvantage being taken of the fact that cupric .salts arc oxidizing 
agents. If copjx'r is present I'ls sulfihatc m neutral solution, and 
is warmed with vwvsn <)f potassium iodnh' in a stopj>ored bottl(‘, 
icHline will he libi'rat^xl owing to tin' fact that cujiric iodide deconi- 
[)oses spontaneously into cnj)rou.'> i'wiidc' and imiirn'. The amount 
[)f iodine liberated can (piickly be found by titration with a solution 
Df thiosulphate of knn^sn strength; tin* de.struetion of the idi'ine 
is seen by the di'^appearanet' of the yi'llow colour from the so^jition. 
Just beffire the end-point of the titration is rcachc‘<l,4i litth* Htarch 
wlution is addci] to tin' liquid : stanh gi\es a blue coldVir .with 
free iodine, and the disapjx arance of this cohair mark . the removal 
of fh# last trace of iodine from the Holiition. The amount of 
thiosulphate used shows the amount of iodine liberatAl by the 
jopper sulphate, and this gives a measiin' of the amount of copper 
present. • 

The changes iifs olved nay be expresstnl thi^i 

(1) :4CuS(\ + 4KI -= 2K,S04 2Cul 4 

(2) 2 NaaSj 03 4 21 2NaI + Na,IS*()* 

• • • 

* A. I^ischer, •HHlekt^-aiia^’UiM'he 8t‘Hrr>Hbietho<lpn (Knko^ 

M.C. — VOL. IV. • C 
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The liberation of iodine according to equation (1) is not at*^t 
quite complete ; ho^^tver, as the iodine is^’empvcd by change (2), 
the reraHinder of the cupric salt reacts, setting free iodine, so that 
the l^moiyit (»f thi(jsulphatc finally consumed corresponds to the 
quantity of copper present. ^ • 

TeRRJ^STRIAL OCCUIRENCE 

Copper is oi\1y a minor constituent of rock-magma. It occurs 
in many ordinary igneous rocl^.8, but the copper-content of most 
of those rocks is very small, being generally of the order of O-CfTper 
cent. In a few cases, sulphides of iron, copper, and often nickel, 
have separated out in the i^tra-basic portions of the intrusive 
masses, and valuable ores have been prt)duced ; \he iiKkel-copper 
ores of Ontario may be of this character. In niosk cases, howeter, 
the copper apjjears to have accumulated, during the process of 
solidification of an intrusive mass, in the portioji which remains 
liquid to the last, and the thermal waters which have been given off 
in the final stages of the process are often comparatively rich in 
copper. It can bo regarded m being present in tlie water (at least 
potentially) as a sulphide, which is kept in solution— for the moment 
— on a(;count of the high temperature and pressure, and possibly 
also on account of^the ])resenee of acid substances such as hydrogen 
sulphide and carbon dioxide. But copper is by no means the ofily 
metal which becomes concentrated in this way ; the waters as 
they leav(^ the intrusive mass contain a very much larger amount of 
iron sulphide ; freciuentK' notable amounts of lead, zinc, and possibly 
antimony and arsenic an^ present, and commonly traces of silver 
and gold. The chief non-metallic substance dissolved in the water 
is sili^'a, which is probably present in large amount. 

As the waters asc4*nd towards the surface, the lowering of 
teii4>erat Ill’ll ;ind pn\ssur(‘ cause the deposition of part of the dis- 
solve^ substances on the walls id the fissures through which the 
waters art' rising. In the* early stages of the ascent, quartz is 
depqsitM in the veins, together with 

. Iron p\Tites . . . FeSa 

The iroutpyrites itself may eontaiiv traces of copper, but where 
the copper concentration in the thermal waters is sufficient, the 
double sulphides 

Chopper pNTites (Chalcopyrite) Cu^S, ^ , 

and Bornitc ^ , . . Cu aFeS 3 pr perhaps CujP^gS^ 

soon Iwgin to be depositini alongSvith it. Some of the most 

^ Fof die question of formula see fe. J. Harrington, Amer. J. Sci. 16 (1903), 
151. ■ ^ 
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' important copper de|>o8it« were formed in this way ; it should be 
noted t^at iron is almost always present in quantities greatly 
exeeeding the copper. 

Copper p'yritet* is a mineral with brass-yellow metallic lustre, 
^although it is somotinu's found tarnislud and iridescent. Where 
there has been sufficient frmlom of growth to alkov it to tissume a 
proper crystalline form, i- crystallizes in the tetnigonal system. 
Bornite is sometimes known as “ purjilc coj)jkt ore,” but ita colour 
varies from purplish brown lu red.^Jt has a metallic lustre wlien 
fresh, and when tarnished is iridescent. 

The depv)sition of tlK^e 8ulj>liides from thermal waters is esiuH-ially 
to l.)e cx[K‘Cted where the waters havg to pass through rocks which 
will remove the at id gases ; it is a faet that niaii}^ of the veins arc 
richest in cop|MT where tlu‘y e\it limestone. But eojqier ore is 
not dejHM.di'nt on tlu3 iireseiice of limestone in the same way as the 
ores ef zinc and lead. One of the richest cojiper deposits in the 
W'orld, that of Ikitte (Montan.a) is fouiul in a granitic roek (quartz- 
monzonite). 

Where the waters aie rich in arsenic or antimony, w(‘ may also 
get such rnincraU us, 

• Knargite .... (’u.,A.sS 4 

ai\^1 ^rctralicdnte . . . 0 u„St);^S 7 

Both of these are black minerals with metallic lustre. Tetrahedrite 
sometimes occurs us remarkable tetrahedral ery.stuls, coating, or 
coated with, crystals of ehalcopynte. 

It may ho advantageous to peunt out here that if tlu* aKeending 
W'aters contain zinc and l{‘ad, these metals will -in a similar manner 
— Ikj deposite(i as the Kul])lii(h*8, ^ 

Zinc blende , . %nS ^ 

and (lalena . . . 

The deposition of these two sulphides iH*|«utieularly likely to rxieur 
where the waters pa.ss tlirough limestone. The zim arid jead 
minerals have raiely lK*en deposited at exactly the sni ic points as 
the copjKT ores, and indeed the main zinc-lead ores arc found in 
different localities to the main cop]KT ores. Hilver is (ibmfi'uiily 
found in small quantities both in the copper ores, and also in the 
lead ores, and is accomjianied* by even smaller traces of gold. 
Bismuth is frequently found in copper ores — matter of some 
tecflnitcal importance^ owing to the fact thatf bismuth adversely 
affects the quality of copper. 

In the upper portions of old cfipiier-iK^aring veins, whe^e air, 
carb0ti dioxide ami-wat<y have long had <i|)portunity of reacting 
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with the «ulphide«, the sulphide ores have been oxidized to sulpif.tet 
and basic carbonated, such as ^ ^ ^ 

(yhalcanthitc . . CH1SO4.5H2O ^ 

^ Brochantitt; . . CuS04.^Cu(OH)2 

Malachite . .« . Cu(0H)2.CuC03 

and Azurite • * • • C^{0H)2.2Cuf’03 

Of these niineials, brochantite an^l malachite arc green, whilst 
azurite and chalcantiiitc*. are^bluc. Sometimes, as the result of 
further changes, the oxides ^ 

Cuprite . . . Cu^O , 

and Tt'noritc . . . CuO 

appear iti th(‘ up})er zone*. * • 

The normal sulpliab* of eo])pA‘ is s(tluhle in water, and often 
will pass down in solution from the oxidized z<^jie to the iwichanged 
8ulj)hi(le zone below. As soon as it enters the latter, however, 
it will r(‘act with th(‘ iron sulphides W'hieii are usually })resent in 
large quantities. Double deeompositiim will occur ; copper 
sulphaUj and iron sulphide will produce iron sulphate and copper 
sulphide, which is considerably less soluble tluin tlu' sulphide of 
iron, 'riius at the junction of the oxidized and unchanged zone 
of th(‘ deposit, we get a very noteworthy amount of tlnr “ secondary ” 
minerals, * 

ChahAeite (cop])er glance) . Cu.S 
and Covellit(' .... t'uS. 

This rich region at th^ junction of the oxidized and unchanged 
portion of the ore is known as the Zone of Secondari/ Enrichmeni} 
'riio main copper ores of the world oeeur at points upon the 
Paeifjc Ore-circle. At Chiupdeamata (Chili), high up in tlu^ Andes, 
iKicurs “ what is probably the largest copper tleposit known to-day,” ^ 
T4tMow'er portions of th(! ore consists of sulphides, but the upjxT 
poidi^^lis of the ore— the parts wliich are now' being mined— have 
become entirely oxiebzed, mainly to the basic-sulphate (br(K*hantite). 
Chlqridbs also occur in this part of the on*. 

Passing northwards, we find (‘xtensive ores of eoppi'r in Arizona, 
where a low-grade sulphide ore is larpdy oxidized to carbonEtc and 
oxide in “the up|HT portions; this oxidized ore only contains 
about 1-(J jK’r cent, of cop|K‘r, but the aggregate cojqKjr-production 
of the state is quite large. Copper ores occur again in Utah and in 
the Rocky MountqinH near Butte (Montiina) f thf famous Anaconda 

' J. F. Kemp, Econ. Geol 1 (l»0(i), If ; E. G. Zioa, E. T. Allen, and H. 
E. MerwHn. Kcon, Qivl. 11 (I9Ui), 407 ; W. F. A. Thomuli; Trans. Inst, Min, 
Met. 23 (1913 14). 65. 

• Acconling to E, A. Ca|H)cliii Smith, Trune, Atatf. Kkctrochcm, Soc. 25 
il0l4)„193. . 
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miftes occur in the latte^ .region. The Montaiyi oroK wore evidently 
originallj' (lejK)8ite<l by waters aaeending through fissures from an 
igneous niais, but therc^ lias js'cn much smmdary enrichment ; 
the secondary sulplrdcs (clialcocite and covellite) are Iho most 
•important minerals. A gn'at deal of the sulpharsenide, enargiU), 
is found in Mctatana, and m apparently u primary mineral since it 
exists in greatt'st quantities iu tlie lower, unchanged, part of the 
ore, although, according t(- some geologists, it is of scK^ondary 
OHgir 

Further round the eircle, cojjpir ores an* found in Alaska, Tho 
metal occurs again in Japan, and \(tv imj)or1ant on‘s an* met with 
in Australia (inai*ily in Oueonslatid, ^(‘W South \\’al(‘s and South 
Aui^tr.ilia) and lastly in 'I'asrnaiiu 

Outside t}i(‘ Faeif.c ()n‘-(M‘rcle, eo]>p<T deposits of eoiisi(l(Tahlc 
iinpo^tancf' occur in tlic Huelva (ll^lrict fd Spain, notably at. Hio 
J'into.' Hcr(‘ tiu' ores consist «‘sscnlially iron pyrit(‘s, luit in 
many parts it is mixed with a small (juantity of copper pyrites. 
The copjXT-eoritcnt is about 2 J jkt cent. Secondary (Miriehment 
due to (ie.se(‘ndni' Nsater has occurred, and in the (Miriehed 7,0110 tho 
ores may contain 4 7 jkt cent, of (‘opper 

Tho^lepohit of “ kupf«T-s<'hiefer ” at Man.sfdd (fjermany) is of 
inirresi owing to its mode of <»rigin. The stratum is ess(*ntialiy a 
blat ki.sh, bituiniuoiis sliale (»f marine origin, 1 1 f(‘et thick, contain- 
ing remains of the bone,s of fish, shells and much organic mattiT 
derived from the life \vhi< h existed in tiie ser in which tho sediments 
were deposited. The .sh K* now ('ontains, however, 1-3 per cent, 
of copper, which has evidentially heen brought into it later by tho 
agency of waters })ereolating through tlie nn'ks of the district, 
since the eopper-eont('nt always iiiercas(‘s n('ar to ecTtain lii^urcs 
through W'hi(’h the eoj)])er-])earing waters must haxe arrived. <I’he 
organic matter of the shal(i has apjiarently redin ed tlie eopj^T — 
which possibly existed in tlie wat<r as, sulphate- to an insoluble 
sulphide, and consequently the shale contains a notahh anvuint of 
copper, whilst the rocks above and Ik*1ow' it, which arc free Iroin 
organioi remains, contain little or none. 

The extensive deposits of the Lake Superior n^gioii arc* of great 
interest, since the eop^xr here occurs in the metallic btate.® The 
rocks of the district include sopie conglofticrates and sandstones 
(i.e. the shingle anjji sai.ds of an old Ix^ach) ; an old lava is also met 
wit4i paving a sjxingy or “ vehicular ” struct* re, caused by tho 
escape of imprinted gases at fhe moment of solidification. Long 
after the formation of these rocks, ^,*i)ppe£-lx*aring waters, possibly 

> A. M. Econ, Gml 5 403. , 

«H. C. H. Carpenter, V. In t. Met. 12 (1914), 23(^ 
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of igneous origin, hare deposited metallic ^jopper in the interstTces 
between the pebbles of the conglomerate and between tlie sand- 
graifis of the sandstone ; likewise the waters Ipive left metallic 
copper within the vcsicules of the lava, where wo find “ amygdules 
(kernels), often consisting of*8omo common mineral (caleite or a 
zeolite) coated with metdllic copper. ITissures also penetrate the 
rocks and these contain metallic copper, whieh in exceptional cases 
may occur in very largo lumps^ a lump was found in 1857, weighing 
420 tons. The copper occurring in the conglomerates and*«afld- 
stoncs is found in small parti(‘les in tho cement which binrls together 
the pebbles or grains, and rc^ulcrs the whole of the red rock tough 
and (iifiicult to break up. * , 

Oiu' naturally inquires w^bat^thc reducing agent was whicih 
caused the reduction to the metallic condition. Probably it was 
some iron coinjumnd o(‘curring in the lava or (‘Isewhere ; jnany 
ferrous salts- and also iron pyrites— are ea}>abl(' under certain 
(Conditions of reducing eo])per to the metallic stat(\ If we imagine 
tfiat hot waters containing cupric sulphate enter a b(“d containing 
such a rc'ducing agent, much cuprous sulphate will he formed; 
eut)rous salts can exist at high tempcTatures in considerable con- 
centration. HowT.v(‘r, as the waters cool, the (uiprous shlphatc 
will decompose to puprie sulphate and nu'tallic copjMU’, which l^ill 
bo deposited in tlureavities of the rocks through wliich the waters 
are percolating.' 

The important copper-nickel ores of Sudbury (Ontario) have 
already been discuss('d in the sc'ction dealing with nickel, and 
need not bo d(\scribed a second titne. The ores of ( 'ornwall ( England) 
deserve a passing mention, uilthough the remunerative ores are 
now completely w'o;*k('d out. The principal miiUTals were 
cl^dcopyrite, hornite and chaU'oeite, the latter occurring in splendid 
crvskiKs, known locally as “ redruthite.” ' * 

^ • METAitURGY^ AND USKS 

PVelimimary Considerations. It will he ‘evident — after 
reading tluv preceding section-^ that unoxidized copper Qres, os 

»H. N.^Stokos, Econ. Ocol. 1 (1906), 648. Compare S. Croasdale, Eng. 
Min. J. 97 (1914), 745. 

* litiferenco should t>o mado to the impors on copper nietallurgy by H. C. 
U. CarponW, J. Roy. Soc. Art.% 66 (lOW). 114, 128, 141, and H. (). Hofman, 
J. Franklin Imrt. 181 (1916), 83, and to tho pj^rtioits of ^V. (lowland’s " Met- 
allurgy of Non-forroua Metals ” ((Iritlin) dealing with copper. In consul(J)iug 
toxtbwks on copper, care should bo takqn to obtain tho most recent edition 
of the works, as the position is rapidly changing. St-arfdard works include 
D. M.^Levy, " Motlem Copper Sm^U-ing ” (Griffin) ; E. D. Peters, “ Practice 
of (kipper Smelting*’ (MetJraw Hill); H. O. Hofman, ’'Metallurgy of 
C3oppea*** (McGraw Hill).* A small hf> 0 ||c by,H. Pickard, ‘‘Copper’' 
(Pitman), giies much useful inforraation. ' 
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mined, usually contain comparatively small amounts of copper 
sulphides accompanied' by larger amounts bf iron sulphides 'and 
by a very |arge amounUof gangue, usually of a siliceims character, 
and having a Mgh melting-point. The oxidized ores are similar, 
but the place of sulphides is taken by sul{>hat(‘s, carbonates and 
oxides. ^ 

Owing to the comparatively large amount of valueless material 
in all eopjK'r ore, it is clearly necessary to avoid eost of transjwrt 
by smelting the ores elo.se lo the infnes. Thus nu^st of the world’s 
copper is now produced in regions like Arizona, Montana and Chili, 
where the ores oeeur, and oidy the tinal stag(‘s (relining) are con- 
ducted at any epnsiderahle distanecj^from the mines. Centres like 
8outh Wale.s, wliieli depend ujM)n a .supply of on* or comumtrate 
from a distaiuv', li!‘V(‘ (eaM'd to he of thi' lirst iinj)ortnnee. 

The eopper-eont(*nt of tin* ore will vary considerably^ and .sulphide 
ore arriving at a giv(‘n smelting works i.s generally <*las.silii'd at once 
int/O ‘‘ first-elasH " and seeond-elass ” on*. 'Hk' former (usually 
containing more than about 5 per cent, of eopjxu*) is considered 
tit for direct .smelting, and the only ])reliminary treatment needed 
— apart from drying- i.s to pass it over senams and thus separate 
the ooarse and tin<‘ portions, which usually require to he smelted 
ig'parately. The S(‘eond-grade sulphide ore* is w>s\ially suhjoc'ted to 
preliminary cfmcentratiou so as to produce a high-grade concentrate, 
which is then jKUssed to the smelter. Oxidizisi ores ar«5 not usually 
subjected to the same sort of preliminary eoiua'iitration as a sulphide 
ore, partly hccau.se they are not specially .suited for flotation, but 
mainly because t-h(?y are nearly always treat<*d by wet methods, 
and the lea^-hing is itself a form of eoneentration. 

The limit, l>elow which a coppei ore ceases to h(‘, worthii^dling, 
will vary with many hxal (onditions, and with the statQ of the 
copper market. In Montana, the av(‘rage content of 4<«^w>n(fA''la8S 
ore is about 3 [)er cent. ; hut, in Cermany during the war, W^len the 
demand for copper was very great, \fhnsfel<l ore with only 0 7 per 
cent, of copper is said to havt* he(*n treated. At [do 3int^, tho 
content of those ores which are regarded primarily a.s copper ores is 
usually about 3 per cent., hut p(^orer ores are worth treating, on 
account of the value of the sulphur and iron. 

Sizing. Before the particles of ot)pper minerals may Ikj 
separated from^thc worthless gangue, it is clearly necessary to 
ie^ce tho ore to a fairly fine state of divi^iftn. It is broken up 
with rock-cru^ers, and is usfially then ground in mills. No method 
of grinding gives a product of uniform grain-size, and since the 
concentration of very fine jjowder is a*diflferent problem ffom that 
of a coarsely cruSied Material, it is nocesslry to classify the product 
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according to the size of the particles, ^creens or cylindrital 
“ ti'ommels can btf employed to separate all.particles eseeedfiig 
a certain size ; the jiarticles below this si»e drop out tjirough the 
|M*rforatioB8 into receptacles placed below. ^ • 

But for grading the finest jjarticles, screens and sieves are not 
suitable, and advantage if^ taken of tho^fact that coarse particles 
sink in water more quickly than fine particles. In the most 
primitive form of the settling nroceSs, the powdered ore is stirred 
with water, and the mixture is\llowed to stand in a tank. Aft^ 
a time, the coarse particles will be found at the bottom, whilst 
most of the fine particles, having a low settling velocity,” will 
still be in suspension. In inodiTu ]>ractice, a eontjnuous system is 
employed.^ One form of ela.ssifier (see Fig. 1 ) consists a funnel- 
shaped v('ss(‘l, provided with a perforated plate Viie ])ulp of ore 
and w'ater is run in continuously througli A ; •fresh watef is also 

introdueiMl at a carefully rbgu- 
lat(‘d r.ato through B, and rises 
through the perforated plate C, 
iinally overflowing at J). When 
the classifier is working the plate 
(- is always covered with ajayer 
of ore particles, and the velocity 
of the rising water is necessarily 
greatest where it has to thread 
through the narrow channels be* 
tween th(‘se ore- particles. The 
velocity at this jioint should be 
h'ss than the normal “settling 
velocity” of the coarsiist particles, but greater than that of the 
lighter particles. Consequently the coanscr particles are able to 
passicfownwards through tlu' ])late, and come luit through E, whilst 
the snialler particles are carried upwards, and pass out by the" 
overflow as “ slimes.’* As’ a rule, the term “ slimes ” is applied 
to a .pr^duct^ the particles of which an^ able to pass through 
a “ 200-mesh ” screen (of which the average opening is 0-07 mm. 
diameter). 

* 

Concentration of Sulphide Ores. Having thus “classified” 
the particles according tOb size, it is |>ossihlo to proceed to “ con- 
centrate” the valuable copper minerals occu^riD^ in each of the 
fractions obtained. ‘5'he main methods V)f concentration dep^n^ 
u}K)n two factors, ntfmely ; — 

* E. S.*Bardwell, Tranft. *4 wrr. Ingt. Afin. Eng. 46 (1913^, 266 ; R. Ammon* 
Tmns. A^ier. Inst Min. Eiuj. ^6 (1^13), BTJ. • 

« « '' 
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^ ) Gravity. Tlie me^^allic sulphides arc heavier than the {iilieaU«. 

•This is the principle of Gravity Separation. 

(2) Surface temion. Tlie sulphides will often eling to the oil- 
lilins Huitounding the Imhhles of a suitable “ fnith,” w'hilst 
the silicates will sink to the bottom. This is the principle 
of Flqtation. ^ 

(1) Gravity Separation. Willie v tables, and other similar 
atterns of shaking table, are particularly suit(‘d for the concentra- 
ion of “ sands,” that is for inat(Tial (Containing particles of diaini'U'r 
etwTcn 1*5 and 007 min. Por coarsiu* material, the dovice 
now’ll as the “jig” is gi'iKTally usi'd, whilst for liner material, a 
vanner ” is (‘mployed in sonu' piaccs. 'riu'sc forms of con- 
entrating filanl have all lu'C'ii ilcNcribed in the introduction (Vol. 1, 
p.’ 122-124). 

The worst featunv^of all separation imdljods depending on gravity 
< th&t the (*oars(‘r particles of gangin' ti'iid to appc'ar in the eon- 
entrate along with the eoppi'r grains simpl\ owing t-o their size* 
-whilst to some (‘xtent the smalh'st ore-jiartieles may ri'inain 
uspeiuh'd, occasionally clinging to the .surfai'c of the watiT; in 
h(^ latter ease the vi'ry principle which is uhcfully (‘inployed in 
otati^n is a causi* of waste in gravity-separation. 

J2) Flotation. S<'p.iration by llotation is fra* from many of 
he disadvantages of gra\ ity separation. Its nrent introduction at 
tnaconda app(‘ars to have be(‘n a distinct sueca'.ss, and thes (unploy- 
lent of flotation is likely to bis-oim' general, not jicrhaps as a 
ubatitute for the older im'thods, but ratlu'r as a su])]>lemei)tarv 
acthod for treating the p<‘rti(Uis for which gravity si'jiaration has 
irov'ed a failun*. Th<‘ plant used at Ana<’on<la is known as the 
Minerals Separation ” ty[)e, * tlu^ prineiph* being shown in Fig. 2. 
L pulp consisting of the linest ore-part leles (slimi's) suljihuric acid, 
kerosene sludge-acid,. * and woimI creosote, thjws into the. ec.n- 
Tartnient A and thence through B into In (Mieli comj>ar^n(‘nt 
I is churned up by m(*ans of the rotating ]>addles I*: Duiing th(‘ 
homing in each compartment much air is suektHi int<\the noxture, 
.nd the liquid jia-ssing out into 1) separatoB int(» a. liquid lay(W 
whicli flows out througli (4) and a froth above it (which 
-ver the lip E and out through F), If the proix»rtion8 of oils luivc 
>een regulated in a manner suited to the yre, most of the valuable 

» See T. J. H(K)Vt4, “ ( oncoif rating C)r**« tiy FloUitayi ’’ (pulihsliwi by the 

Magazine), (liapter IX (lUlli cflition). • 

For the 0 {)crati<xi of the plant oteAiiaeonda, 8€*o H. CT, H. C’arjx'riter, J . R<jy. 
?oc. Arts, 66 (1918), 146. 

•■'Sludge acid is refuse from the r^ning^f oil. It contains sulphuric 
cid and some greasy material from petroleuij|v'’^F. P. Mathewson, Trams, 
Imer. InsL Jdin. Ei%rbS tl916), tl9. * 
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Hul^hido particles are found to have adhcyed to the walls of 4he 
froth, whilst most of the worthless silicates pass out with the liquid 
portions through G. The latter portions are treated, again in a 
similar apparatus for the recovery of the splpHldes which have 
failed to “ float ” on the firs* occasion. 

One function (possi})ly»not the only ^function) of the sulphuric 
acid commonly added in the flotation of copper pyrites ores is that 
it removes the film of tarni^i which generally exists upon the 
pyrites particles, and which would tend to prevent the flotation 
of these particles. ^ 

Various other forms of flotation plants have been employed with 



goo(l ref<\ilts. The Elmore Vacuum process, already mentioned in 
the section (5n molybdenum (Vol. II), has been in oi)eration for 
tin-copper ohvs in this country. • 

Smeltihg Processes. The rough table given below may help 
the reader to follow the various alternative processes and their 
different stages. The more usual nwethods of procedure are indicated 
by full linos ; thosft which are rather loss commOii by dotted lines. 
But he should not regard the tabl^ as giving more than a*vftry 

‘ W..S. Morley. Min, (J921). 32. 

• F. Lsist and A. E. Wiggin, Trans, Amcr, Inst, Eng, 55 (1916), 486, 
describe trials made with several t^pxjrf air Analtonda. 
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oAde indication of tht.general lines upon wljich the worlds copper 
ii^usti^ is carriedr on. * * 



Tho possible fneans of obtaining copper from copper 'ores ar© 
very numerous, %ut tficy be clat>8mod into: — 
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• to 

(A) Dry (or thermal) prficeaseH ; niost^ suitable, for sulphMe 

• * • 

ores. • ^ 

(B^ Wet proeessea ; suited for oxidized «res, and also sometimes 
used for the eertain varieties of sul])hi(Je- notably jiortions 
which arc either poor ifi eopper (as at Kio Tinto) or are in a 
very fine state ofc division. ^ t 

c 

(A) Dry Processes t)f Copper Production. 

'riu're ar(5 two main stag(*s in th(^ smc'lting of eopper by thermal 
methods ■ ‘ 

I. 'Phe production of a “ matte,” a mixture of iron and copper 
sul{)hidcs fairly rich in em)p<T. * 

II. Th(‘ production of metallic copper fnpn khe matte. 

I. The Production of Matte. 

This may be condiuiied 

(1) By a hlasl-Jurnacv method, suitable for rich lump ore; 

(2) By a rcrerbemtarff furnace method, suitable for line ore; 

it is also largely \ised for all poor ore w leather it arrives 
in lumps or otherwise because, as already stated, it is 
usually 4U‘cessary to grind it, and subject it to coiy 
centration^ before it is fit for furnace treatment. 

(1) Blast-furnace Smelting. Since the amount of high-grade 
lump sulphide ore ten^s gradually to diminish, blast-furnace 
treatnumt is tmiding to give way to reviTlxa-atory prociesses.' In 
some of the important American copper works ((‘.g. in Montana), 
the blast furnaces have actually been closed down. Nevertheless 
blast-firnace treatment is still of great importance in many districts. 
'Plu' object in blast-furnUc(' smelting is to burn off a portion of the 
sul|Aur, and, at the sanu* time, to convert part of the iron to iron^ 
oxide, Vfiich will then combine with the siliceous matter in the ore 
to form a fusible slag, conslslwig mainly of iron silicate ; this wiU 
leave a matte, or mixture of iron and eoi)per sulphides, having a 
far higher eopper-eontent than the original ore. By the forra§,tion 
of slag, two jeparato results are achieved ; part of the iron is removed 
into the slag, and simvdtancously the siliceous matter which in itself 
would be difficult to melt is lirought info a state of fusion. Under 
favourable circumstances, it may be unnecessiv'y to add limestone 
to the charge, since iron oxide is a sufficient flux for the silica f 
but where the ores are very siliceous- «8 in the case jn some of the 
Montana ores — the presence of limestone in the charge is highly 
desirable. , * • 

‘ Compare ifin* Sci P^re^,^\9 (l910),**428. 
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Jn the simplest system of blaHt-furnace treatment, the ore is 
merely onixed’ with a very little fuel, and diargcd into the Mast* 
futnace ; the heat-evoli^tion attending tiie oxidation of the sulplmr 
and iron, as weli as the formation of iron silieate, is relied upon to 
maintain th(‘. tempfratur»^ of the |iu-naee. This {)roce8s, which 
is kno>vii as the “ pyritic process^’’ is highly economical 
of fuel, but only works^well in ores rich in sulphur, iron and 
free silica. If the ore contaftis a large amount of inert silicate 
minerals (as oppos(‘(l to free silicaf a considcTable amount of car- 
iTonabt'ous fuel must be added to assist in maintaining the 
temperatTire ; the process is then known as the “ partial pyrite ” 
])roccss. # 

Tlie critteism*hiLs becai raisc'd against pyritic snu'lting that it 
gi^cs a matte, of Jow cop[j(‘r-c^tntent. 'I’lu^ elimination of iron 
from tlfl; matte is,(»fteii acc('lerat(‘d if part of th<‘ ore has been 
])reviously roasted. ITe n unoval of the sulphur 
of the iron in this roasted ]) ortion b(‘ing wc^ll^adyam^ tlu^ 

ore enters the blast-furnace^ tTu^ ])assjrg(rbriroii into the slag ])haHo 
IS very rapid, and a matt(‘ containing less iron and sulphur and 
much more copper than is possibh* in the smelting of unroasted 
ore obtained at tlie bottom of the furnac(‘. On the other hand, 
tjje proportion of fuel must clearly be ifKTcasi#! if roasted ore is 
included in the charge'. ^ 

The true jjyritic process is rarely usi'd at ]>resent, although in 
'J’asrnania it lias proNt'd very .''iicet.ssful, only .J ja r cent, of coke 
being needl'd in the charge. Hut in imme^uis placi's. partial pyritic 
smelting (involving tin* usi* of over .‘1 ])(‘r c(*nt. of fui'l) has giviui 
good results, notably in Montana, 'f’enne.'^see, and South Wales. As 
an examjile of the blast-furnace tnatnu'iit of ore aftiu* jireli^inary 
roasting, the smelting of the copper- nickel wres of Sudbury may be 
recalled to memory ; ,this was di.scussed in tin' section on fli^ikel 
\Yo\. III). * * • 

Whicbi'ver variation of the processd.s ado)>te(l the furn icifi arc 
almost invariably water-jacket ed blast-furnaces similar *Io. those 
in use at Sudbury (see Fig. 3). They are commonly j cctangular in 
form,* and are usually about^25 x 5 fe(‘t at the tuyeres ana alx>ut 
15 feet high. In a few districts where the amount of crJ^iper ore to 
be treated is large, much bigger funiatx's^are employed ; one of the 
Anaconda furnaces (no longer in us(') measured 87 feet x 5 feet at 
the tuyeres. The t3yer«B consist of a largo ipiraber of iron-pipes 
albotit 4 inches in diarmeter. Jn Europe round and elliptical furnaces 
have been us^ with success. 

^ytjThe chaise consisting of ore, s^me fuel, and, if necessary, lime- 
stone, is fed into 4lie tqp of thg furnace.* flThe products art^ allowed 
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to run out continuously from the bottom oj the furnace throug^J. a 
spoilt into a settler" - A large vessel sometimes mounted on Ayheels — 
in which they separate into two layers the lower layer is the 
7mtt^,, and the iippcT one is the slay. As the copptT has much less 
affinity for oxygen tlian iron^ the slag should contain but little 
copper ; in pra^dice, the skg is usually found to contain a ceitaip 
amount of the valuable metal, which is largely present as drops of 
matte that have clung to air-biibbR-s entangled in the slag ; this 
loss can be greatly reduced by lareful working. 

'^riie matt(i if allowed to solidify — is a bluish-grey or Rrown 
opa(jue substancf^ having a sub-metallic lustre ; at a ft’acture it 

often has a “ bronzy ” appear- 
ance. Jn some 'works', however, 
fne matte is jiot pllowed to s61i- 
dify, being conveyed whilst still 
molten in ladles to the converter. 

The dust carried off by the 
gases leaving the blast-furnaces 
contains a considerable quantity 
of copper and much more arsenic. 
It is (‘ommonly caught by elec- 
trostatic or other means, and is 
treat(‘d afresh. * 

Although for lunip ore of high 
quality, blast-furnace smelting is 
satisfactory, fines cjuinot bo 
smelted in this way without pre- 
vious tn‘atment, as th(‘y would 
1‘ither choke the shaft or else be 
blown o\it of the furmu^e. They 
are ctunmoiily treated by a rever- 
Ix'ratorv furnaee, but in some 
districts good results have been 
obtained by sbitering the fines 
by the Dwight-Lloyd process, 
such as has been described in the section on iron (Vol, III)* the 
sinter can ‘then be used in the blast-furnace charge. In other 
places, briquetting is used. 

(2) Reverberatory smelting is, however, the process commonly 
adopted to deal wi^iji all fine ore, and 4s largely applied to the 
concentrates obtainetf by the preliminary treatment of second-gradb 
sulphide ores. The whole of the ore receives a pSrtial roasting, 
which ii? generally carried out in 1. multiple-hearth furnace, and the 
roasted ^product is then«n^olted up, in a rtjverbjgatory furnace in 
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RotJtln^ 

6hdfr 


wlgcb the atmosphere ^ non-oxidizing, matte and slag being thus 
pr^ucefil. * ^ • • 

A multijjle- hearth roaster is shown in Fig. 4. Tho roaster 
is usually 18-23 feet high, and may contain five, six, or seven heatths. 

^ Rabbles attached to* a revolving cc^itral shaft move round each 
hearth, and work the ore from the centre to the j^riphory or vice 
versa. The ore is chargecf into tho top^icarth through a hopper 
at the centre and is worked to^tlie pcripluTy, whore it falls to tho 
second hearth, and thus traverses af the hearths in turn, emerging 
roasteH from the bottom hearth. The central shaft and rabble 
arms are hsually hollow, and are cooled either by air or water. 

In roasting ordinary ores, the heat^)f combustion of the sulphur 
is often j^fficieht to maintain the 
tenTperature of 4hc furnace ; but here 
the sulpltur-content^f the ore is low, it 
may be necessary to instal an outside 
grate ; the grate usually delivers a 
flame to the second, third or fourth 
hearth from the top, and thus raises 
the charge to the temj)erature neces- 
sary f^r roasting. 

4>ln the roaster, a considerable amount 
o^sulphur is burnt away, the sulphides 
being in part eonvert(‘d to oxides. 

Since the ore does not l>ecome fused 
in the roaster, it is j)robabl(; that only 
the outer portions of each grain of 
mineral become changed ; \ cry likely 
in this outer portion tin; cojiper ITe- 
comes converted tooxidi* ju.st as much 
as the iron. W ^n, ^ however , the 

itiasted or j? is a Xtervvards fused in the reve rbert^ ftcy jT uriiace , 
a^^^ copp crlaxide^that^mayT^l^ »tj>. ♦ In^inm sidx»hj^- 

according j 9 stnnc such ^xquatioiL-as, ^ , 

, CujO + FeS (hjS f FeO, 



Kkj. 4. Mnltij)lc-ll^trt.h 
• J’otisttT. 


ond^h ^ c^> nd >iut>s wath Jthc silici^.^m^t^^ 

o^SlagT^ Thu s we hSt’ ^itlTcxactly the same n >ultjiaup,4h*e 
.^ rocfflR ; — Jhp 
ori^tj ot? fln ?ltifig are more or le8 fl.^ iyultanep jigy-uj^^ 

stages . • 

In Montana, w^ere the reverbeiatory* process has developed on 
progressive lines, ^reiyely loijg reverberatory furnaces arg used ; 
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100 feet iB quite usual, and one Anacon(^ furnace is 112 feet in 
lerifeth. The width ift often about 20 feet. Tl^e furnaces are fairly 
low, the form being shown in Fig. 5. T^io flames p|iss from •the 
ond*G over the charge spread over the floor F, and pass out at the 
end E ; the waste heat of thp emergent gasc*s is utilized in raising, 
steam in boilers. Origiiijilly these fun^aees w^erc fij-cd by ordinary 
coal burnt on a gi’ate (not shown) ])laced at the end G ; now they 
are gtuuTally fired l>y pulverized cftal,^ a mixture of coal dust and 
air being forei'd iiito the furnJee, through a series of tubes T ; the 
coal-dust is HuppU(‘d to the furnace by an ingenious system of 
screw conveyers. In Arizona- and in other States, revVrberatory 
furnaces are fired by oil, whrh is injected through nozzles placed 
at the end G. * 

7'he furnae(‘s art' charged witli roast(‘d oro„ whi/‘h is introduced 



^Longitudinal Section 

Fig. 5. — Long K^'verboratory Furnaco firod witli Pulverized Coal. 


through hoppers H into the hottest j)art of the furnace, close to the 
firing end. Commonly H is added in .small quantities, hut at frequent 
intervals ; each small charge tpiickly melts and su]>sidi‘s, mingling 
with the idn'ady molten material on the hearth ; when the whole 
is molten, the furnace is n^idy for another small cluirge. By 
adding the rofusted or.e in small quantities, it is possible to avoid 
st'ijiftus lowering of the furnace temperature during the melting 
proe«iss. In some furnaces, slag is skimmed from the end E every 
four hours, wjiilst in others it is allowed to flow out continuously. 
PorUoifS of the matte are run out into ladles at infrrapient intervals, 
and are taken still molten to the converters. The furnace is, however, 
never completely emptied, except on occasions when extensive 
repairs tA the lining may l)e neces.sary. The process is thus 
practically continuous. 

The advantage of kei'ping the fiimai’e always partly full of matte 
is that the life of^the siliceous lining grf*atly prolonged, 

» R. E. H. Pomeroy, Met. Cken%. Eng. «2 (1920), *347 ; .E. P. Mathewson, 
Eng. Min. J. 100 (19i5), 4f» ; O. d© Vcnancourt, Rev. Met. 17 (1920), 2; 
W. Boichors, *' Metallhutten k©triel>^,'’ Vol, 11 (1917 edition), p. 48 (Knapp). 

« F. N. Flyim, Tm««. A^ter. /n«<. Min. Eng. 55 805. 
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[fdimi has no cor i live action ii]fk)n the lining, but freshly 
^roasted •re, if hea|v:‘<i directly upon the furnm'o.ljottnm, would 
rapfdly atta^'k it. Flirt hcsmore, if the furn*vee were to ho ooinplctely 
eniptunl wheAtv^r it is fappwl, the oonsiderahlo changes of 
itomperature would Iwj likely to cause serious disintegration to the 
brick -work. 

II. Production of Metallic ('op^ierv. from Matte. 

The inatt<*, whethtT jjroducetl in a huisl-funuK’e (»r a roverheratory 
furnace, contains only ah imt.4d 4A f na; cent, of eo]^^ )(^vitiI 

'I'lie next step is to 





Fi(j. 0.' liori/oiUal CoHVi*rt<ir. 


elimirufte iiK*st of the sulj>liur and iron l>y oxidation, leaving the less 
ox#dizahh’ copper in the nu'tallic state, '.riiis (»peFation is generally 
carred out in a converter, (.'onverters of nu :iy difTerent shajH's 
have IxM'n dwigned for us(' in (•r»])|K*r works, hut they can he Jissigned 
to two main tyjs'S, naniel\, the h(>riz(fm/il type’ (Fig. h) and the 




Fio. 7. — y< ^ioal Converter. 


v^ical type* (Fig. 7)* In l>oth forms, the coiA'crters are mounted 
80 that Uiey Avn be tilted at will into the positions suitable 

* B. de Saint-Seine, JRcn. 3/ct. 111(1914), 145. 

* M. W. Min. J.' 104* (^17), 669. 

M.O. — Vdl.. IV. • 
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respectively for charging, blowing and powing the charge, and^re 
fitted with a series df tuytTCs by means of wl^ich air can bo forced 
through the molten matte. ^ ^ • 

i?t one time, the converters wore lined with silica, but this material 
was found to be quickly attacked by the iron* oxide produced in thq^ 
“ blow,” and required, frequent n^^jlacing, A^out 1900, the 
magrujsito-lined conve^rter was introduced, but magnesite proved 
liable to rapid mechanicjal wear at ftie tempcTature of the converter. 
However, it has been found pl^ssiblo to produce upon the magnesjte 
lining, a coat of magn(;tic iron oxide, which ])rotects the n^gnesito 
itself from abrasion.^ This coating is obtained very^ simply by 
omitting to add any silicectis flux to the charge on the occasion 
when a freshly lined converter is used for the first tfme ; in the 
absence of silica, the iron pr(‘scnt in tlu^ m^tto^oes not form a 
fusible slag, but i s (hqmsi te d as a coating h>f in hisible* niagneU c 
oxide on the lining. The coating, once* |^oduc(^ will last foi^ 
longTTmeTlimr^^ if it wears thin, it can be n‘n('wed when desired 
by blowing a single charge of matte without silica. By these 
nuuins, tlm djlliculties connected with the lining of a converter 
have been o vercoimi 7*Tuupl^iily/ 

The procecTureT^f coim'rting ” is as follows. The cqnverkr 
is iilled with molten matte, and tin; blast is turiu'd on ; the oxidation 
of both sulphur ari,d iron commences at once, and tin* heat produced 
is more than sufficient to maintain the temperature of the vessel. 
The sulphur burns away as sulphur dioxide gas, whilst the iron 
pass(‘s to iron oxide, and is slagged away by siliceous material which 
is also atlded (excejit- as (‘xplained above- in tlu* case of a freshly- 
lined conv('iter). As in the Bessemer process of steel-making, the 
eolopr of the llame affords valuabh* information regarding the 
jirogress of the oxidation process. 2 So long as the flame is green, 
UVib (‘limination of iron is continuing. .When the green colour 
begUis to fail, the slag is poured away ; the contentb of the converter 
now consist, mainly of cuprous sulphide, and it is necessary to 
coidinue the blowing until the sulphur is mostly burnt off. The 
colour of the flame is now reddish ])urple, tending to become bluish 
os the operation approaches completion. The progress'* of the 
operatioii is also judged by the character of the particles of metal 
shot out from the mouth. As soon as the furnace-man judges that 
the process is complete, the conwrter is tipped up and the charge 
poured. The copper produced contahis much sulphur diojude, 

' A. E, \Mjeoler and M. W. Krej<!i, Trans. Amcr. Inst. Min. Eng. 46 (1913), 
662. 

»D. M. lA>vy. Trans. Iifst. MiU. Met. 20 (lUlOtll), 117, gives colour 
photographs illustrating flame at .different^ 
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wl^ct ifj liberated at moment of solidification, the evolution 
causing ^ blistered aj>jK*aranco on the solid nJfetal, which is known 
as ** blister -Copper.” 

Blister-copjw ie still too impure to 1)0 of any practical use, and 
ja generally further refined in a small reverberatory furnace.^ 
The essential refining operation consists in l)lo\\ing a bhist of air 
through the molten <‘oi)per, by iuc‘ans of an iron pipe, the open 
end of which is pushe<l just below' the surface of the molten nu'tal. 
It is likely that the copp(‘r itself is nh)mentarily oxidized, but since 
cuprouo oxide is soluble in molten eop|M‘r, it n^inains in tlie metallic 
phase, and serves to oxulize the more rejwtive eh'inents The chief 
impurities, iron and sulphur, are (^idized fairly readily ; the 
former, being non-’volatile, eollcets on the surface as a slag and is 
skinlmed off ; other impurities, iike arsenic, are only partially 
removed. tWluMi the oxidation of the main impuritit*s is suflieiently 
complete, th(; eopjKT contains a gr(‘at deal of dissolved e,uprous 
oxhle, and if it wen^ allowed to solidify witinmt furtluT in'atment, 
it w'ould bo very l)rittle owing to the production of a cop|X^r- 
cuprous oxide ('uteetie fxdween tho grains. Therefore some 
dernxidizing treatment is always needed. The method known as 
poling^ which is still largely employed, consists in plunging poles 
of ^reen w'ood (preferahly Inveh or oak) into tbe molten metal. 
I'his causes a vigorous evolution of gases with strong reducing 
projK*i1ies, which convert the dissolved cuprous oxide to the metallic 
state. Poling must not ])e continued too long, since excessive 
poling will again rend(T the nudal unsound otrrpoled"). The 
progress of the ])oling operation is controlled by a man wlio takes 
a small sample of the metal from time to time in a ladle, and notes 
tlic kind of suifivei^ produced whejj flio sample Holidifi(‘s ; under- 
pided eoj)per luis a concave surface, correctly pol(‘d copper has a 
“ full ’’ round surfae(^ slightly wrinkled , whilst overpoled copjH*f "a 
convex, and often “ spew's ” or “throws a worm.” Thi^ fracture 
also Ls an indication of the j)rogress : •underpoled (X)pp(U' lias a 
brick-red inter-granular fracture, due to the presence of cup^ms 
oxide between the grains, whilst the frmdure of correctly ooled 
copper Is bright and silky. Correctly poled copper is said to be at 
tough pitch. * 

The unsoundness of overpolcd copper is probably partly due to 
the sponginess caused by bubbl e of tho reducing gases, and partly 
to the presence of hydrogen dissolved in the^etal. It is also 
faiily certain that traces of sodium occur in* overpolcd copper, 
derived of coursif from tho sodium salts of the wood. This has not 
been shown conclusively to be an mporiaut cause of brittleness, 

» L. Addid #, Mst. Ch^ Eng. 17 *(1117), 679. 
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but it is an interesting fact that copper wl|ich is made a cathodg in 
% bath of fused sodihm chloride, becomes quife briltle, apparently 
Dwing to the entry of sodium into the .metal. ^ ^ 

Attempts have been made to use other reducing agents instead 
of wood for d(ioxidizing copper. Poling wilh oil has been tried^ 
but has not proved altogether satisfact^y. In vie^ of the growing 
scarcity of suitable wood in copper districts, such attempts are 
likely to bo rtmewed. Other deoAdizing agents, which are added 
bo copper just before casting ^to remove the last traces of cuprous 
oxide, 'may also be mentioned at this point. Phosphorus (adiled as a 
: 3 opper*phosphorus alloy), zinc, manganese and aluminium arc the 
best known deoxidizers for ceopper ; but all of these, if added in 
dight excess, d(x;reaso the electrical conductivity of the material. 
It is stated that boron is free from this obj^'ctioii. It is usually 
introduced into {! 0 ])per in thq form of the so-called boron .^boxide.^ 
riiis raat(5rial is made by the reduction of boron oxide (BjO;,) with 
magnesium, care being taken to have the boron oxide, and not the 
magnesium, in e.xcess ; the “ suboxide ” probably consists of boron, 
bolding a little boron oxide in solid solution. 
v/Alternative Methods of Converting Matte to Crude Copper. 
The production of coj)per from matte in tlie converter istnot, in 
every respect, idt'al. A great deal of the valuabb' impuritiestare 
liable to be lost an<^l the amount of copper shot out of the converter 
is considerable. In some districts a less violent, and more easily 
regulated, process is preferred. One old method which has survived 
in South Wales, and gives good results where a matte rich in copper 
and low in iron is available, may be referred to. It consists ol 
packing pigs of tliis matte . (locally known as while inetal) in a 
revei'beratory furnace, where they are heated rather gently in a 
strpngly oxidizing atiKiosphero. By the time the pigs are beginning 
tf^ melt and flatten out the surface is covwed with a thick blanket 
of chproua oxide. The furnace is then heated more strongly, the 
excess air being shut off, add the wiiole charge is fused ; the sulphide 
and oxide reacd, producing metallic copper, 

2CuaO + CujS = 6Cu -f- SOj. « 

c 

It is usual to conduct the operation so that only a portion of the 
copper is converted to the metallic form on the first melting. Th( 
product tapped from the furnace separates into tw^o layers, the toj 
layer consisting otjunchanged matte, and the “ bottoms ” consistinj 
of metallic copper. The advantijige of this procedure is fhai 

' H. S. Rawdon and S. C. Lang<*on, Min, Md. 158 (1920), 34. 

• E. Weiutraub, EUctro^h^, Ind. 7 (1909), 509 ; Mtt, Chem, Eng. 8 (1910) 
029. ‘ ‘ 
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prflbtically all the valu‘ablo impurities, sucli, as gold and silver, 
collwt iA the metalKc, phase. The matte or “ tops ” can then bo 
subjected to a second treatment, and finally yields a copper which 
is singularly free froir impurities. This is of the quality known as 

Best Selected Cop|>er ; it contains about 99-7 per cent, of copper, 
which is unusually high U: a metal which has not been refined 
electrol^qically. 

Limitations of Thermally -Re ined Copper. Tlio copper 
pi^oduc?d by refining only in a furnace is pure enough for the 
manubvetux'e of sheets, tul)es, jilates, and some alloys, but it still 
contains many impuritie.s, whicli lowy* the (‘leetrieal conductivity, 
and modify (not!* always advcrs«dy) tlu^ nuH'hanical properties ; 
the effect of dilh't’cnt impuriticK ir. di.scii.ssod in a later paragraph. 
A very largo proportion of the thermally-relined copper is sent 
to the ('leet roly tie refuK'iy. 

(B) Wet Processes of Copper Production 

In the tr^'atmeTit of jioor eo}>per ores (or the tailings obtained 
after the oojiccntration of richer ores) it is rdten advantageous to 
leach tjio whole mass with a solvent such as sulphuric acid — 
with a view to extracting the e(»pj)er from throughout the mass; 
the copper can then be (»l)tained from the solution in metallic form 
either by 

^ Eh'ctrolysis 

or (2) Precipitation by iion. 

In Ibc clex^trolytic method, the acid is rcgcncrat(‘d during chn-trolysis 
and can aftc'ruards be employed tojcach frt'sli ore. 

Oxidized ores are particularly suit(‘d for wet metallurgy, since 
they can usually bo leached without rotusting. Sulj)hido ores 
generally require a roa.sting cither wth or without saltr-- so as m 
convert tho copj^ r to a form which is sdluhic in wakT or utdoivst 
in diluto acid. 1’ho principles of wet rTiotnllurgy ar<? v(*ry simple, 
but there are many practical ditliculties. Npecial pipl-Iems arise 
where Jailing.s arc being dealt with, owing to tho, volun iuous 
character of the product to he leached, the difficulty of separating 
the copper- bearing solution from the slimy mixture produced, 
and the large amount of water ncc^ded to out from the slimes 
the considerable amount of tofpcr-lwaring solution which they 
neqpssarily retain.* 

(1) Electrolytic ^fethods.* In tho important copper deposits 
of Oiuquicamata (Chili), most of the ores at present being worked 
are of an oxidized* character, the main ‘mineral being the ‘basic 
sulphate (bipchanti^^ ; llio ort is usually loftnd mixed with soluble 
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salts, such as socliuru chloride, and 8ometi?nes nitrate. There & a 
little basic (loppcr chloride (atacamite). * , 

The brochantite is readily soluble in dilute si^lphufic acid, and 
can thus lx? soparaic'd fnun the large amount of insoluble gangue 
material by leaching. On a(;?;ount of the easy solubility, very fine* 
cnishing of the ore is n(jt needed, and thf ore is therefore particularly 
suited for wet extraction. The process described below is conducted 
in a large plant built at Chuqulmmata about 1914, and is understood 
to work wcll.^ ^ * 

The ore is crushed to give pieces of about J inch diamcicr, and is 
then leached with 8-9 ]>er^(‘ent. acid in tanks of asphalt-lined 
concrete provided with a false bottom. Jn this w^iy a st>lutioJt witli- 
5 per cent, of eo])per di.ssolv(‘d«as sulpFate/^and still contaitm^g 
2-3 per cent, of free acid, is produced. *' t 

'the solution, however, always contains soefium chloride, and if 
electrolysed tlirectly such a solution would yi(‘l(l copper mixed 

with in.soluble cuprous 
chloride. It is therefore 
freed from chlorides by 
being })asHed througli 
copper shot, conteflned in 
revolving drums ; ^is 
treatment precipitates 
the whole of the chloride 
as cuprous chloride. In 
order to free the solution 
Fuj. 8.— Dorr Coatinuoua Ttuckenor, from the Cuprous chloridc 
•’ and any other matter in 

suspdhsion, the cloudy liquor is passed into a series of Dorr con- 
tinuous thickeners (see Fig. 8), which consist of circular tanks 
provided with inclined revolving rakes. The cloudy liquid is f^d 
in by means of the launder A ; the suspended material sinks, and 
is gradually pushed by the* rakes as they slowly revolve to the 
cent^ral discharge point B, whilst the nearly clear liquid overflows 
through 0. The thickened slime discharged througli B i» filter- 
pressed, BO as to recover as much possible of the copper- bearing 
liquid. 

After removal of the insoluble njatter, the clear solution is ready 
for electrolysis, which takes place in rec<angplar asphalt-lined 
concrete tanks (a suitable size is 19 X 3 X ^ feet). The cathodes 
are thin sheets of copper, which are themselves prepf.red by electrical 

' H.'^C. H. Carpenter, J. liby, So^. Art^i, 66 (1918), 161 ; C. A. Rose, Eng, 
Min. ,7. 101 (1916), 321 ;^Ei A. CappeUn Smit^, TX'p’W. Amer. EledrochuM. 
Soc. 25 (1914), 193. ‘ • 
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deposition. The anodes in the original plant wcw of magnetite, 
made in Oermany ; but as the war soon shut (fff the supply, anodes 
of ^duriron” (a cast-inai rich in silicon) were installed in their 
piace.^ Duriron lias proved in many ways a satisfactory anode 
•material, and is said to resist corn^sim fairly well ; hut, owing to 
its high ovcrpof^ential, a rrther higher E.M.K. is needc'd for each 
cell than when magnetite is used ; tiu* excess of eiuTgy thus supplied 
reappears as heat, and the .^olutions^^inay actually recpiire artificial 
cooling when duriron anod(‘s are emjfioyed. 

In each cell there may ho 37 vertical (athodes se])arated 
hy 36 anodes. A larger numh<*r of (‘(ils are joined in series, so 
that a eomparatjv(‘ly high E.M.l'. <%n Im* a])j)li(*d to the whole 
series. One partii ular tank-houM‘ contains 480 cells arranged in 
5 (ilectrieul circuits,, with 06 cells in S(‘ri(‘s in each circuit. The 
tanks are also eoinioete'd with ]»ipeK s(» as to form 30 solution 
circuits, each consisting ol Ki cells. 3'he s(»lution flows continuously 
through th(‘ tanks in a dir<‘efion at right angles to tm^ eleedric 
cun’cnt (as showui in Fig. 0, p 17) ; it (‘liters the tank-house w'ith 
5 per cent, of eo|.p«‘r and only l? 3 jier cent, of frenj acid, and leaves 
it with only l*o per cent. (*f eo])p(‘r and as much as 8 -0 p«T cent, of 
free ackl. This spent acid li([uor is ])umped hack ipto storage tanks, 
arid is subsequently uschI to l(‘ach fn'sh ore. 

I'ho cathodes are re?nov(‘d ]>eriodieally, hein'» nq^laeial hy fresh 
thin copper sheets ; tlu* tinislicd cathodes which have he(‘n nmiovcd 
are aftcrw'ards melted down. , 

sTho ])roecss ns condicti'd at Chinpiicamata is practically com 
tinuous, the solutions being made to flow' round the circuit indicated 
below^ The iron jiijx'S joining th<‘ tipiks ar(‘ lined with lead, whilst 
the pumps needed to raise the solution to the storage tanks arc of 



• • • • 

* M. de K. Thorapsc^ and T. C. At^hiapn, Trqns. Amer. Electupchem. Soc. 
3ir(1917). ai3. ^ 
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As the ore consists of a basic sulphate^ not copper oxide, 
anfount of sulphuric^ acid regenerated during, electrolysis is more 
than enough to replace any accidental .wastage tha^ may odbur 
during the circulation. Consequently it is unnefcessary to supply 
acid for the process after it, is once fairly started. Indeed, it is* 
possible periodically to discard a porti(^n of the acyl liquor (which 
may be freed from copper by long-continued electrolysis before 
being thrown away). This fact is f)f great importance ; if it were 
not for the possibility of discarding portions of the liquor fropi 
time to time, the solutions would become foul after Idhg use, 
owing to the eoniimicd accumulation of impurities sucli as iron, 
which are not precipitated wi41i the copper, but winch — if present in 
large amount- would interf(To with the (uaTcnt efficiency. This is 
one reason why electrolytic, reduction in (hili has ])roved successful 
whilst many att(*m})ts mad(5 in other countries have failed. 

L{irg(i quantities of oxidized ores also occur in Arizona, Utah and 
Montana ; in these States wet extraction has b(‘en practised by 
methods ^ on the whoh' similar to those employed in Chili. But 
many of the ores of the districts mentioned contain copper as 
sulphide, and recpiirc roasting before they can be leached with 
dilute acid. It is usually more profitable to subject these sqlphido 
ores to a concent rat ion process, and then to smelt the richer porticyis 
by the dry metaiyirgical processes which ha\(^ been described 
above ; the “ slimes tailings,” however, still contain a certain 
amount of coppcT, and at different times- -c'specially during the 
recent war when the demand for copper was high — the question of 
the recovery of this copper by leaching has been investigated. 
The tailings can bo dried, roasted in a multiple hearth furnace, and 
the roasted portion leached with dilute sulphuric acid, giving a 
solution which can bo electrolysed to yield copper. 

Jl^on oxidized ores are som(dimes roasted before leaching, so 
as to convert the iron — as far as possible — to a form of ferric oxidS 
which is undissolved, or only slowly dissolved, by acid. The 
prcscpco of iron in the electrolytic cell greatly lowers the current 
eflficioncy, because the iron is alternately oxidized to the ferric 
state at the anode and then reduced, again to the ferrous state at 
the cathode, current being thus expended in a manner which 
produces no copper ; furthermore, the ferric salts have a corrosive 
action upon the copper already deposited on the cathode. By 

« * 

^ For further dot^ails, tee J. Irving, E}ig. Min. J. (03 (1917), 032 ; A. L. 
Walker, Eng. Min. J. 105 (1918), 94 ; L. Addicka, I'raM, j\^ner. Electrochem. 
Soc. 28 (1915), 57 ; R. R. tfoodrich, Tran.<i. Amer. Electrochem. Soc. 25(1914), 
207; I-, Adiiicks, Met. Chem.,Eng. (5 (1916), 628; N. S. Mackay, BuU. 
Amer. Jnet. Min. Eng. 153 (1919), 1929. See also gonefal (iijKni 99 ioo Trans^ 
Amtf. Electrochem. Soc. 2?'(1^16); 35-70.* * ^ 
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cakining the ore at a faLIy high temperature, it in possible to render 
most of “the iron insoluble ; but even if onl^ a small amoUnt*of 
irorf is extracted during t}io leac^hing of each batch of ore, the iron 
will gradually accumulate in the liquor, since— unlike (topper — 
4t is not deposited on the cathode. Thus, unless it is j)ossible (as at 
Chuquicamata) Jto discard j^sriodically a iiortieii of the liquor, the 
solution will become fouler and fouler, and the current cfiicicuicy 
lower and lowcr.^ It is not< worftiy that the elTect of iron in lowering 
tl^e current efficiency is very much les’ jjronoiinced when aluminium 
salts aA^ prt'sent in the solution ; 2 but probably the best way to 
secure a good cunent efficiency from a solutiem containing iron is to 
saturate' it with sulpluir dioxide (d<^Td fr<»m tlu' roasters), thus 
reducing the iT'on to the h'lrous condition. 

In Arizona, k*ad appears to bt' ']>rcf erred as an anode material ; 
a lead abode quickky Ih'cohu's c(»\('r('d with lead ])croxid(', .and 
after this suffers but little corrosion in a sulfihatc* bath. In some 
of the earlier AuK'rican pro<‘es.s(‘s, carbon anodes were employed, 
but Avere f<nmd to becomi' badly disintcgrntc'd in a suljihato 
solution. It is worthy of nid(‘, how(*v(T, that disintegration only 
occurs w’hcn gaseous oxygen is being evoUed at the anode. Where 
a solution containing iron has been treatcal with Sulphur dioxide, 
an^ the iron jirc'sent is consequent ly in th<‘ f(‘rr*us state, then — 
as long as tlu' only anodic action is the rcoxirlation of the iron to 
the ferric condition — the disint<*gration of a good (‘arbon anode is 
negligible. 

The Lasz(;zinski process, which wus in operation Ix'fore the war 
in a comparatively unimjiortant copper-field in Poland, appears to 
hax’^o met the difliculties of elcctrolvtic cop[K‘r*e\tra<*f ion in a way 
entirely suited to the ores to be tr<Vt(‘d.'‘ d'hi' liiu! firi's --.which 
contain iron and cop])er sulphide are mixejl with o ])(t cent, of 
clay, and made into brhfuettes which, when dry, are (juib' ])or^\iH. 
They are roasted in a small furnace, at such a temyK'ratiire that the 
copper is converted partly to sulphat^' and jjartly to.exide Avhilst 
the iron is converted entirely to ferric oxide. Strongly heated fpiric 
oxide is — as is well known — almost iindissolved by acid. Con- 
sequently w'hcn the roasted briquettes an; leached with sulj)»iuric 
acid, a copper solution compa^}^tively l<tw in iron is obtained. This 
is electrolysed between thin copper cathodes and lead aruKii's ; 
the lead anodes are enclosed in* close-fitting hags of cotton cloth, 

• • iS, . 

’ Interesting curves shpwing the remarkable effect tf iron in reducing the 
current efficiency **10 given by P. M. Middleton, Mxn, Sci. Vresa, 119 (1919), 

149. 

■ L. Addieks, Trann. Amer. Ekctroci^m, tSog. 28 (1915), 73. , 

* Tima Eng, iSupp*Muy 13 (1908). W. iStoeger, Ekclrocltem, Iru}, 4 (1906), 
366 ; N. Pit|( 5 chikoff, Vmna FangiAxj Soc. 4 fl968), 74, ^ 
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which prevent them from disintegrating, afid no doubt reduce tO 
mihimum the diffusion of ferrous iron inwards^to the surfa?je of th 
eleeirodo, and the diffusion of ferric iroi» outwards into the bodi 
of the solution. Thus the current efliciency isVjuitc high — ovei 
90 per cent. The lead heconies covered with peroxide, but is nol 
further attacked. • t • 

(2) Iron Precipitation Proc^ses. Wliere a little coppei 
exists in the })r('Henco of a ^fcry much larger quantity of iron 
it is generally preferable to obtain it in the metallic f^ra ^ 
precipitation with a less noble metal, such as iron (in the form oi 
scrap or pig-iron), instead of by the application of an externally 
generated E.M.F. Such processes are u.sed in America* mainly foj 
the (‘xtraction of co})per from tailings and residues.^ In Europe 
however, th(^ iron precipitation process is emf)loyed for g>btainin^ 
copper from the greater portion of the Spanish ores. 

In the llio Tinto mines of Spain, the principal min<Tal is irqr 
])yrites, but the ores have a copper-content of 2 3 per cent. Somt 
of the ore is treatcxl on the spot, but much is exported to England 
A 8om(‘what primitive process ^ has long been in use in Spain, 
By nuTo exposure of the minerals to the combined action of aii 
and water they bc('ome oxidized, the sulphides of iron and Coppei 
being converted ?o sulphates. This oxidation, far from requirftifs 
the external ap})licfition of heat, actually develops so much heat 
that then^ is a danger of the heaps of wet pyrites catching fire 
'Hie production of llamot: is, however, to be avoided, for it is desirable 
to convert the copper to the soluble sulphate, whereas if the heating 
were too strong, an insoluble oxide or basic sulphate would probably 
be formed. If the soluble salts of iron and copper be pc'riodically 
extracted with water, it is possible to liberate all the copper in the 
metallic state as a dark spongy precipitate by the action of scrap- 
\T(%\ or pig-iron. However, the solution obtained from the roasteti 
ore generally contains ferric sulphate, and consequently a certain 
amount* of iron would be cofisumed in reducing this to the corre- 
spontling ferrous salt. For this reason the solution, before the 
treatment with metallic iron, is trc'ated with fresh ore, which is 
capable o^ bringing about the reduction of the iron to the ferrous 
condition. 

The prtxjess is oondHctcd in the^ following way. Tlio ore to be 
oxidized is piled up in big heaps upon flat gnouncj, rocky or clayey 
soil being chosen fh order that the solutioq produced may not 

« .■» 

' F. Laist and H. W. Aldrich, Trans. Amer. Inst. Min. Eng. 55 (1915~16), 
866, di«cufi« the process as a|»plicd ki Montana to 

• For further details, soo JV.JE. Grecnawalt, “ Hydrwiietallurgy of Copper " 
fMcGra^-HiUl. * * * • * ^ • 
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so^k into the ground find be lost. Before the oro is put dowii, 
t>vo seri^ of parallel lines of rough ston^ are laid do\m, at right 
angles to eaeh other, so «as to form a ehoss-board pattern on the 
ground ; when tfio Lvncral is heaped upon the top, these lines of 
•stone provide clear channels for the yassago of air into the centre 
of the mass, aiid also for the escape of I5ul{\lmr dioxide. As the 
mineral is })iled up, vertical Hi^cs are also formed at some of the 
junctions of these lines of stcaics, by Iguilding up at these points. with 
stones, and it is mainly by these vcrtu'al “clmnjacyK ” that the 
sulphu’: VlY»xide gas escapes into the air. The' heaps inay contain 
perhaps 100,000 tons of ore. Distributed over the area of the 
pyrites-heapA are*vatcr-si)rink!crs, whfbh kccji tlu' heaps coTitinually 
mo«it with wat(T. IVriodically, plum it is thought that suflicient 
soluble (popper ?<ali ^las bc(“n formed, a large amount of water is 
scattered on to the ’surfaces of the h(‘aj»s, and this Mater sinking 
through the partly-oxidized mineral, dissolve's out the eopj)er and 
iron sulphates, and runs away by trenches at tlu^ f(K)t of tlu^ lu'aps, 
bearing these salts in solution As alreaely stat<‘d, the water runs 
off through a bed of fresh ori‘, by which the. ferries salts are reduced 
to the ferrous condition ; it then passes into t.anks in which the 
mctallk: coi)per is preeijiitated by pig-mm, or by iron scrap, the 
cofnplete extraction of the copper re(|uiring juan^^ hovrs. Most of 
the precipitate of s[)ongy “ cement copper ’ is si'iit to Kngland, 
where it is melted dow'n and rclin4Ml The method is somewhat 
crude, but is suited to a region wdiere eo%l is d(‘ar ; there is, no 
doubt, a considerable loss of copper in tlu* process. 

A large proportion of the euj)riferous ])yriteK from Spain is sent 
to this country for treatment. Whe/e tin* sulphur-content is high, 
and the copf>cr-contcnt low', it is ofbui sent first to the sulphuric 
acid works, w’hcrc it is burnt to yield sulphur*dioxide, w hich is made 
ipto acid. The residucflcft aft^T burning is mainly iron oxide, i5ut 
still contains sulphur (perhaps 2 (» per cent ) ; it contains ftil the 
copper, as well as any trjices of silver,* present in tlti‘ original ore. 
The copper is not in an easily solul>le form, and pn)babb4 still 
exists# at least in part, as sulphide. ( ‘onsequently thQ ore is Imost 
invariably ground and roas^l with salt ladore Icacjiing ; this 
treatment, known as chloridizing roasting, converts the coppcT 
to the state of soluble chloride, 

The chloridizing resist Is usually carried out in a multiple- hearth 
furnace ; the up;^r heartlfis are usually heated means of producer 
gas, but the combustion of •the sulphur existing in the charge 
generally maintains the temperature in the low'cr parts. The 
temperature must^ot rise too higH^ since^in that case much irifeoluble 
cupric oxide will i%maifi in the residue.* The exit gases fiom the 
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roaster contain hydrogen chloride, whiclf is carefully absorbed, 
th 4 hydrochloric iicid produced being utilized in the le^hing. 

The leaching is conducted in tanks fitted with sora^sort of falso 
bottpiu ; wooden tanks lined with fire-bri^k Mhve been xecow- 
mended. Sonit' of the hydrot^hloric acid condensed from the gases^ 
Ifmving the roaster is added to the leaching water, jo as to dissolve 
any copper oxide or other compound insoluble in ordinary water. 
Wlien loa(!hing is complete, ^e liquid is drawn off from below 
the false bottom ; the residue, mostly iron oxide, can be drained, 
hri(piotted and sent to the blast-furnaces for sm(‘lting^iifIo iron. 

The greenish solution drawn off from the leaching vats usually 
contains- -in addition to copper chloride- - traces pf silver chloride, 
which is moderately soluble in presence of sodium chloride, ^t is 
treated with a ri'quisito small quantity of siidium iodide, which 
precipitates the silver as the very insolubky salt, silver iodide. 
The precipitate is scqiarated by settling, or otherwise, and a silver- 
free solution is finally obtaiiuKl. This is treated with miscellaneous 
iron scrap in largo tanks, yielding a dark sludge of impure metallic 
copper, which is periodically collected, drained, and melted up in a 
furnace, where it usually requires a great deal of refining ; the 
main impurity is arsenic.^ • 

Chloridizing roasting is also employed in the American copier 
districts for the treatment of ores, in eases where it is difficult to 
obtain a good extraction after ordinary (“ sulphating ”) roasting. 

Ammonia Leachimg Processes. Various other leaching 
processes have been used in different parts of the world, in addition 
to those described above. One of the most interesting methods is 
that of leaching by ammonia. „ Ammonia is used os})ecially for the 
treatnkont of tailings in Alaska, 2 whore acid cannot be employed as a 
loacjjing agent 011 acccflint of the presence of limestone in the ore. 
AiAmonia-leaching has also been utilized ‘for the treatment of 
tailing obtained in the working up of the Lake Superior native 
copper.'* The’ ammonia servos to extract a considerable proportion 
of thf copper rdisjx'rsed in small quantities through a large amount 
of worthless material ; on evaporation, the solution yields ammonia, 
which is carefully condensed, and a c^i^ppor carbonate, which turns 
to the black oxide on heating in steam. 

' iWectroIytlc Refining and*Depositj9n of Copper 

Electrolytic Reftping. Commercial ’copper obtained by any 

* 9 

1 D. W. Jones, J. Soc. Chem. Ind. 38 (1919), 365t. 

• H. IjaMmjnco, Eng. Mill- J, 104 (1917), 781 ; L. Eddy, Met. Chesn* 

Eng. 20 (1919), 328. . . * 

* L. S« Aiwtin, Min. Ind, ^8 (1919), ‘iW. • ^ * 
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of •the thermal processftt discussed above still contains traces of 

other eltmeiits.* Th^^se may include— • • 

• 

(1) Non-rtfeiaUi^ bodies, such as sulphur, selenium, tellurium, 

and either oxygen or hydrogen (according as the copjwr 
has been underpolod or ovefpolcd). 

(2) Comparavively ^metals like ^Id, silver, bismutli and 

antimony. • 

(3) Moderately rexiclive. metals l|k(‘ lead, arsenic, iron, 'zinc, 

• „ nickel and tin. 


The electrical })rocess of copper-refining makes use of the difference 
in the electro-chepiical beha\ iour of tl»s(‘ various elements to secure 
a separatio*!. 

The refining ^ is usually carried out in wooden tanks lined with 
lead. The copper t» be refined is east into thick slabs (about 3 feet 
X 2 fei^t X IJ inches), vhich are enclosed in cloth bags, and liung 
up in a vertical position in the cell. Between them arc placed 
cathodes of the same area, (‘omposed of thin pun^ copper shi'i^t. 
The (‘kxjtrolyt( is a copper sulphate solution (aliout Hiper cent.) 
containing 0-13 [icr cent, of free sulphuric ludd, the main function 
of whiidi is to increase the conductivity of the solution. A trace of 
li^^ochloric acid is usually maintained in tlu^ baMi, which serves to 
])i('< ipitate any silver which may pass into so^ition. The anodes 
and cathodes arc placed alternately about 2 inches apart, or loss ; 
there may be, perhaps, twenty-three cayiodes and tw(‘nty-two 
anodes in a cell ; all the cathodes are electrically coniu^c.ted to one 
another, and likewi.se all the anod(‘s. lk‘rhaps three liundred or 
more of these cells arc i)laced in s(*ries ; the K.M.F. required to 
force the current through the wbfde serh's of cells, wJiicJi will 
amount to 1(X) vtdts or luore (allowing 0*3 volts })ertell), can then bo 
j)rovided ec(aK)mically, by a dynamo. *o 

Copper enk'j s the .solution at tlu' anutlcH, while a similar a»iount 
of the same metal will bo depositec^on the cathock*s. A certain 
amount of |x>larization occurs at both (dectrodcs, and the f^<.>tj?ntial 
at thg anode is sufficiently elevated to cause the dissolution, not 
only of copper and the req^’tive nndals, nickel, iron, lead and 
arsenic, but also part of the antimony and bismuth. Hbwt^vor, the 
comparatively noble metals, silver and^gold, together with the 
non-metals, selenium and tclliiHum, are not dissolved anodically ; 
these elements, togetiier xvith part of the antimony and bismuth, 
will remain bejjind ak an insojpble slime in the bags. Of the metals 
anodically soluble, lead is at once precipitated, as lead sulphate, 
by the sulphuric acid present,* whilst antimony and bismuth 
* See ^Iso A. J%^lnlbnd, « Applied EldctAx:lieTni«try " (^\>xu^d). 
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gradually separate out as basic sulphates or hydrated oxides. .Of 
the metals remaining in solution (copper, arsenic, fiickel and iron) 
copper is the most noble. Consequently it is depositee^ in an aliSiost 
pur(! condition upon the cathodes, oven wlicn the other three metals 
hav(^ a(H'umulat(!d to a (ton^siderablo extent in the bath. The 
pokmtial at the cathoclp will not — in general })ractice — become 
sufficiently ((('pressed for the electrical precipitation of iron and 
nickt'l, but tfie cathode product ‘often contains a little arsenic, 
together with traces of h^ad tnd antimony, the pn'cipitatcd sal^s 
of which an' not ( (jrnph'U'ly insoluble. It may also contarn traces 
of sulphur, zinc and iron ; but this is due to the entrapping of 
small amounts of solution in,l he ])ores of the metallic deposit rather 
than to true eo- deposit ion.* ' 

Since a solution of eojrpc'r shlphato is heavier than water, it 
follows that th(^ hc'avy layc'r of copper-rich solution produCc^d along 
the surface of the aiuxh's will tend to sink, whilst tlu^ copjH'r-poor 
layer produced along the cathode will t(‘nd to rise ; thus unless 
sonu' steps are taken to counteraet this etfeet, we shall finally get 
the lower portions of the solution in tlu; tank much stronger in 
copper than the upper jrortions, with the result that unevenness of 
deposition will occur. This is ]>rev(‘nt('d by “ circulating ” the 
electrolyte, that Ls by (uiusing it to flow from one ct'll to anotj^or 
through pipes joining tlu; dilTerent tanks. Where then} are several 
separat(} rows of c('lls joiiu'd (‘h'ctric'ally in series in the refinery, it 
is a common practice to arrange the separate rows in tiers, each 
row being raisc'd a littA abov(' the h'vel of the next. I'hc liquid 
then flows in j)ipes in a direction at right angh's to that in which 
the curnmt is passing, as indicated in Fig. 9. Having reached the 
bottom tier, it is usually punijk'd up to storage tanks at the highest 
level, and is tlius rea([y to d(}.scend through the various cells once 

Bya allowing the li(pu)r to pass through cells in the manneV 
sugg(‘sted {at right angles to the din'ction of the curn'iit), it is possible 
to avoKi the wastage of current by leakage through the pipes, 
which wo\dd inevitably occur if at any point two cells in series were 
joined by a ‘pipe. 

Since tht} Ihjuid in the cells gradually becomes fouled through the 
accumulation of arst}nic and other impurities, portions are period- 
ically diverted to special ‘'regenerating cells,” where the whole 
of the metal (including the impurities), is d^posked on cathodes, 

^ L. Addicks, Trana, Arner. Kkctrochem* Soc, 26 (1914), t>l. 

* Various devices for allowing the liquid to enter and leave the cells so 
as to locxjp tho concentration <unifonf., and also for prf venting overflowing 
are described by B. Bloun(|\ Practical ^lectrocpcm-iKi^y " (Constable). 
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insoluble (leacf) anodes lloing employed. ^ The tirst portions of the 
cop[)er cUjpositetl in the regenerating cells arc 4airly pure, and itf is 
a iKft iinusuf^l practice to manufacture in the regenerating cells the 
thin (x^ppcr cathodes required for the main retining cells. The hist 
jpart of the metal de])o?!itcd in the regeyerating ei'lls is a very impure 
sludge, which is returned Jo the sineltej : in this last stage of 
deposition ar.seinc is often evolved, to some extent, as the poisonous 
gas arsine (AsHg), and it is thefefore a go(Kl ])raeti<“(‘ to ])lace the 
regenerating cells in the open air. li(pior is afti rwards hoiled 
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Fig. 9. — ArrangomcnW df CV-lls. 


and ejraporated ; nick(*l salts are deposited, and fyo sep .rated 
from the hot li(juid, whilst sodium salts arc usually deyosiUd on 
cooling. The remaining liquid, now containing little dissolved 
matter except sulphuric acid, is returned tpdhe electrolytic refining 
tanks. , * 

The current efficiency t<f copper refining is qmially high ^ : 92-95 

‘ L, Addicks, Met. Chem. Eng. TO (1917), 687 ; F. K. Pyno, Eng. Min. J, 
98 (1914), 432. 

* L. Addicks, Met. 0 Chetn. Eng. 16 (1617), 2^. Compare K. S. Guitorman, 
Eng. Min. J. 98 (19^4), 3J8. 
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per cent, is often obtained. It will, of coftrse, be reduced if much 
ir6n is present, or if the evolution of hydrogpn is allowed to take 
place at the cathode. The small value ^of the E.M.p. needed for 
each cell is due to the fact that the “ critical I>M.F. ” of the cell 

Cu 1 'CuSO^ I Cu 

is zero. No chemical work is done ; the copper is merely transferred 
from one place to another. '' 

It will generally prove profitable to use the maximum current 
density consistent with the production of a good depo.^it^ in spite 
of the extra voltage per cell re([uir(*d to force th(^ high current 
through the licpud. In Aifeerica, the cunent ejensities employed 
have risen to nearly 20 amps, per squanj foot, ^ although in European 
relincries a slower rate of work*ing is customary. The object for 
the apparent waste of energy involved by working at high current 
density may be explained in the following way,^ With a view to 
reducing capital (^xpendituia', it is desirable that a small plant 
should have a large output. It must be remembered that the largo 
amount of valuable coj)per whicdi has to be ])ut into the cells — as 
anodes, cathodes and electrolyte —wlu'ii the refiiuTy is started, 
represents capital upon which int(u*est is being ]>aid by the, refiner. 
Now although thfe metal originally put in soon comes out as retted 
copper, yet it haf^to be replaced by other crude copper, and the 
average value of copper locked up jiermanently in the bath as anode, 
cathode and dissolved ^sulphate is con.stant, and tlu^ interest on this 
capital represents a V(‘ry serious permanent addition to the cost 
of running the plant. If a small plant can turn out a large amount 
of refined copper, the interest charge per ton of refined copper is 
ntxioysarily reduced. It is therefore advisable to use the highest 
current density possible. If, however, the current density is unduly 
iir^easod, the quality of the product suffers, an inconveniently 
rougli deposit of C(q)per being produced. A higher current density 
is permissible, however, if a hot bath b(' used, since the rate of 
diff]isibn of^copptT sulphate is facilitated. In modern refineries, 
heating coils thro\igh which exhaust steam may bo passed are 
very commonly laid on to the repning tanks in order that the 
solution may bo kept at about 60° C. 

In order to obtain the maximum current density at the minimum 
E.M.F. (that is to say the low'est power-consumption) the 
electrodes are })lik^cd as close togetlrT as possible. This also 
diminishes the size* of tanks neede(j, and thus reduces the cost of 
the plant and the amount of copper sulphate solution locked up 

» l! Addioka, Afet. Chem' Bug. i3 (1916), 661. » 

•Compare L. Addicks/ Tranit. Arm'.,E]^rvche^ Soc, 25^ (1914), 66, 
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Ed it. A limit to tho neai'i\es8 of the plates is, however, set by the 
piiet that, « if they are flose together, tho dejK)sif grows irregularly*; 
itny Ismail exerescciice on tho cathode which may occur at any 
point, will, if the urt(Klo bo very near, cause a markctl increase of tho 
ll^ront density at that point, and thus an extra amount of copjwr 
38 deposited on it. 'I'he 't "^gularity therefore will incretiso as 
■de|X)8ition pnx’mls. 

^ 'J'he metal deposited upon Mie cathodes contains about 99*1)5 ^per 
(lopt. of co})jKT, and is usually remeltcd, basic fumaci's lined with 
iinagnesik or chromite beiiig preferred. Carci must be taken to 
avoid, as fai as j)ossibl(‘, the reintroduetion of imjiurities. It is 
))olod iK'fore being east into ingots o# wire-bars.^ 

llio anode slimes^ containing the precious imjnirities of the 
anode copper (silver end gold), together with residual eo})})er, lead, 
arsenie, seU'niuni, ti'lluriiini and hisimith, arc leached with sulphuric 
«vcid containing nitn*. so a.s to remo\e as much of tlu' coj)])er as 
])Os.sihle. 1 hey are th(“n dried and ‘‘ blown ” to givt‘ a crude 
bullion containing all tlic prttitais metals ; this o|H'ratinn is earritxl 
out in a sni.il rc\ ‘ iheratory fuiuaci', air being forced under tho 
surface of the molten material to promote oxidation of the less 
valuable; (‘lements. i'ho volatile eonsti(\ients such as arsenic and 
sehgium are carried o\er with the air-blast, and can be recovered 
in a dust eatelier, whilst other im])unties are removc'd m a slag. 
Ihe molten bullion is furtlu'i* }iurili(‘d by the actum of fusi'd nitre, 
and is them poured, i he product may eontaiii l)b per cent, of silver, 
about 2 j)er cent, of copper and about 2 jx-r cent, (d gold ; it is 
sent to the silv(T lehncfy tor furtluT tnMitnient. 

An alternativ'c method of arranging the electrode's in copj>cr* 
refining is known as the Hayden <.r Series System. In /his 
prcxie.ss the? tanks are lined, not with lc*ad, hut \wtli a laai-coneiueting 
substance sueli as slate. , A number of slabs e)f in)j)ure copper at* 
arranged parallel to one anotheT in tie* lank ; they are large enough 
to (jccupy TK'arly the whole (Toss-.seetion.<if the ecli, being usually 
supported in sleds at the edges, fhe* outside .slabs at the two ‘ t^ds 
alone are joined to the source of E.M.F. ; each of tho interract) ate 
slabs acts as an ancxlc on e^nc side and a cathode on* the other. 
Consequently each tank really cemstitutes a large number of cells 
in series, and a comparatively high E.M.F. njust bo applied to the 
tank (perhaps 15 volts)— a great practical advantage. Further- 
more, no specially* preparer^ cathodes are needeii*!. On tho other 
hand, much current leaks roun^l tho edges of tlie slabs, and only 
on the last plate at tho negative end of tho tank does tho weight 

* F. Johnson, J. Soc. ChSn. Ind* 36 (1917), 803. * 

*L. Addj^, Uel. Che'n. JCtny, 17 (d917), 169. 

m.c.—vol;iv. b 
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of copper deposited corrcspond—ere^ approximately— to the 
icurrent that has passed. • , 

When the amount of pure copper deposited on t^e cathocte side 
is about equal to the original thickness of the slabs, and consequently 
when little or none of tho^ original impure copper remains on the 
anodic side, the slab^ are taken jut ; any remaining portions 
of impure copper can usually be broken off, especially if the 
slabs are slightly greasy on th^ cathodic side when the process « 
starts. ^ ^ 

It is obvious that the labour cost will bo greater^an in the 
ordinary (“multiple”) system of refining. Further, unless the 
copper of the original slabs is fairly pure and uniform, they will 
corrode unevenly, a state of affairs which will cfearly be fatal to the 
process. The use of the seifc's system is^therefon^ (ionlined to 
plac('S where the blistt'r-coppcT to b(‘ trc'aU^d is moderately pure 
and uniform, but where electric powx'r is expensive and labour 
ndatively cheap. ^ 

Practically all the copper from American sources which requires 
to be ridined eU'ctrolytically, is treated at a system of refineries 
situated around New York Harbour.- 
Direct Manufacture of Copper Articles by Electro- 
deposition. Many attempts have been made to deposit copper 
ele(!trolytically i\\ the form of wire, rods or tubes ,so as to avoid the 
expense of remelting, and s\d)sequent drawing, rolling, etc. 
Electrolythially d(‘po|^iti‘d tubes hav(^ the advantage* of being seam- 
less. On th(^ other hand, great difficulty is expeiii'iioed in keeping 
the depositioji smooth and \iniform, and in making the metal 
conq)act and capable of withstanding ])r(‘s.sure. 1his can only be 
brought about if the copper is rolled or hammered conihwously 
throiHjlmd its deposiUou. In one process copper is deposited upon a 
♦evolving “ mandrel,” of cylindrical form, the mandrel being made 
thr cathode in a bath of cop|)er sulphate in which it is only partly 
immersed. As it revolves, a polishing tool of special design travels 
alpng the Jength of the tube (first in one direction, then in the 
other), pressing down any microscopic excrescences that may 
appear upon the tubular co]>per deposit whilst these excrescences 
are still small, and consolidating the copper so as to form a strong, 
compact non-porous .tube. When the deposit is thick enough, it 
is taken off the mandrel, and coUstitutea a solid copper tube. The 
mandrel requires^epwial preliminary preparatibn, to facilitate the 

' For comparison of the processes, se^ P. L. Gill, Etig: Min. J. 101 (1916), 
9. 

■ r, L. Autisell and S. Gkowro..ski, Trans. Ainer Inst. Met. 10 (1916), 
179. 
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^movaV The process prtscnts difficulties and is no longer used in 
England.^, • 

Electrotyping, the*art. of depositing copper upon a (negative) 
mould of gutta jx‘r®ha, wax or plaster, the surface of which is made 
conducting by a covering (►f grajilute. may here- bo mentionetl. 
After the cripjicr layer is th (‘k (aiough to possess the lux-essury 
rigidity, the mould is removed ; the cojijht deposit, of course, 
accurately rcpriHlucc'S the form o! th(‘ negati\e. 

One of the most inten'sting developments of the direct dojuisition 
of copper 's tlui possibility of ol)taining in a single })i(‘ce hollow 
articles of comjilicated contour which c(^ul(l not ])ossibly bi‘ obtained 
by casting, 'rinse can lx*, made by depositing a eojipcr layer 
upon a core oi* fiisibV imdal (eg tin) of suitable form ; the copper 
layer is then jiiercixl, and the fusibie undal iiK'ltixl out, hxvving a 
cojiper shell. Interesting attempts on these lines were lieing 
made in Italy shortly Isdori' Oie war. for lln^ priMlnetion of radiator 
elements and similar articles Kadiator (‘h'nuaits have also b(‘en 
mad(‘ in AimTiea in a similar maniuT, by the d<‘position of eopjior 
on perforated .'Strips of hxid, the h'ad being afterwards removed 
from within the e(tpper sheath by heat.- During the war, eopjx^r 
w'ater-ju(?kots for aern|»lan(' engines were made in this country in a 
similar maniu'r ; the eojiper was deposited on fusib’e metal, which 
wus afterw'urds melted out hy boiling in oil- a tn'atment which 
was piobably responsible for the ex<’elh*nt toughness of th(‘ eojiper 
composing the jacket ’ 

Copper Plating. 'Die electrolytic de|M».sition of a tliin pr(j1(*eli\ (‘ 
layer of eofiper on another metal steel for (‘xamph* is lujt very 
frerpiently earrii d out. It is not easy to get a thoroughly adherent 
deposit of eop])er by plating from a sulpTiatii solution, beeause at^he 
moment at which the sled article is jilniigixl into the (‘opjK*r 
solution, a layer of loose eoppiT is jirodiuxxl u])on it through simpft- 
replacement of the copper in the .solution b} iron, 'rids unforturAte 
occurrence, liowever, (*an be avoided liy eofurneneing the de[K>sition 
from a bath containing jiotassium cyanide, towards wlyeh eoi)jvT 
does not, behave as a “noble” metal.* After a thin deposit has 
been obtained from the cyanide solution, th(‘. plating may lx< 

* Numerous other processes of tliis sort are deserijbeti by W. Pftinhauser, 

** TJie Manufacture of Metallic Articles Klee I roly^ically." Translation by 
J. W. Richards (Chemical Viiblisninj? Co.). 

*M€i. Chem. End. 12 (1914), 01. 

’ G. Walters, Trans. Faraday Eoc. 15 (1920), iii, 129. 

* For details of {fllating from a cj^nido Imih, so» F. C. Mathers, Trans. 

Arner. Klectrochem. Foe. 33 (1918), 147. Another method of obtaining 
adhesion (a sulphate b%th being ernploy^J) is aflvocated by O. P. WJtte, 
Trans. Amer. Elcclrocheij^ Sor^ 35 (1919), 295. • , • 
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continued from an ordinary sulphate l)ath containing sulphuric 
acid. • . ' • ^ 

Two special cases where the electrolytic depositwn of copper is 
useful may be mentioned. * Firstly, wher^ it iS desired that a steel • 
article should receive cas(‘-hardening|in certain parts only, the parts 
which are mt to bo •f:ase- hardened! are first plfited with copper, 
which serves to protect tliein from the carburizing agent. Secondly, 
tlie radiating lins of cngir^) cylinders are sometiines coated with* 
eop{)cr to increase the heat-condu(‘tivity. * 

Much of tile c()j)p(‘r-protected steel, whii‘li is met j^^th in com- 
merce, is not el(H‘tro-de posited at all. 1'h(‘ .so-calli'd cojiper-clad ” 
8te(‘l is obtained by casiftig copp(T round a s^ei*! lullet, and then 
rolling the whole int<j sheet.- , 

Recently a new continuous pnwess of cor/ering iron sheets with 
coppiT has beiMi jiut into operation in NeW Jersiy.' The sheets 
are jiassed between rolls, similar to the inking rolls used by printers, 
where they are coat(*d with a thick mixture containing a crude oil 
of an asphaltic (‘haraetiT, copper oxide and some precipitated 
(spongy) coppi'r. The sheets then pass by means of mechanical 
conveyors through a furnace luaxted above the melting-point of 
copper. i\t this tem[U‘rature, the copper oxide is n‘diic4'd by the 
asphaltic matfer tt) the metallic state, and the shex'ts con»e out 
plated with a gc^nl deposit of coppiT. 'I'lu' portions of the nu'chan- 
ism likely to become mo.st strongly heated are made of nichrome. 

f 

Properties and Employment of Commercial Copper 

Effect of Impurities and of Cold-workin^t upon Copper. 

P^rc copper is a soft, mallcablo metal of high electrical conductivity, 
but its jiropertic's »ue remarkably altered by the presence of quite 
fjimall (jiiantitii's of impurities.* Impurities can be divided into 
t\ro groups 

(I) Those which exist in a state of ifolid solution in the copper 

'* W. A. 'ilitiin, Trans. Faraday Soc. 16 (1921), 478. 

* H. S. Ruwdon, M. A. Grossman and A. N. Finn, Md. Chen. Eng. 20 
(1919), 460, 633. Tho st'ction (Fig. 14) on p. 636 of that paper shows the 
fonnatidn of a dofiniU) layer of iron-copfjer alloy ut the junction of the metals. 
See also J. O. Handy, •/. Ind. Eng. Chem. 5 (1913), 884. 

* J. W. Richards, Tjfans. Arther, Jn.st. Min. Eng. 60 (1919), 365. 

♦L. Guillot, Zeitsch. Ekktrochcm.^lS (1909), 897 ; A. H. Hioms, J. Soc. 
Chem. Ind. 25 (1906), 616; L. Addicks, Eng. 22 (1920), 449, 

interprets the resuTts in a rather different way, which is difficult to accept 
entirely. Compare also tho views o£i F. Johnson, »7.,/Soc. Chtm. Ind. 36 
(1917), 807, who distinguishes three groups of impurities: (1) insolnbU (Pb, 
Bi, S, O, To) ; (2) soluble, but not a.<i compounds (.\g, Au, Zn, Fe, Sn) ; (3) 
as compoutids (Sb, Si, P, As, Al). It is tho^ tKirtl group which has the 
greo/eat effect on tho «'oi?dhctivity.i , ' V , 
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. grains : aluminium, phospliorus, arsenic, silicon. These will 
greatly re<aice the eloQtrical coiuluctivity (as d5 all suhstanccs in 
solid kdution) hut will not render tim copiKT unsuitable for 
• mechanical use. (fii the contniry, they will usually render it 
stronger and harder. 

(2) Those whic*' are almost insohihh in solid copper, and collect, 
often as a eut('(‘tic, at the inter-granular boundaries : bismuth, 
lead, tellurium, oxygen (as eujirous oiide), sul])hur (as siilj)hidi‘). 
Those liav(‘ but little disturbing on the conductivity, but 

genenilly n vder the metal very fragile, giving rise to intcT-granular 
fracture. Bismuth is f)no of the most detrimental imjnirities in 
this respect. In iiiany easiss. the int<Y-granular layer in eopjxT 
containing impurities of this class can be seen in a micro-section. 

It is worthy of note that just those impurities which most seriously 
aflfect the imrhanical ])ro])(‘rtics of uipper have comparatively 
httle effect ujxm the eleetrh'aJ conductivity. This does not mean, 
however, that they can he toliTatisI in electrical conductors, heeause 
in actual practici* good mechanical properties an* just as important 
in a conductor as i. 4 chrtrical propcrti<‘s. (hi the other hand, 
the impurities of class (1), uhi(-li are, in some* cases, looked upoii 
with favyur fm juircly mechanical purjioscs, arc most uii(l(\sirahle 
for e|# r>trical ])urpos(>s Arsenic, for instance, is actually a welcome 
eonstilu.'iit of the copper used for locomotive fi e boxes, at any 
rate in cpiantitic's up to 10 per eent.A hut the smallest trace 
causes a very serious lowc'ring of the elcotri'*al conductivity. 

The presence of reducing gM sc.s - and especially hydrogen apja^ars 
to cause' brittleness in coj)})er. Electro-deposited eojijH'r- which 
presumahly contains some hydrogen -js remlcrcd much stronger 
by heating in an oil- hath . 2 * ^ 

Only Icvss striking than the effect of inijuiriWi's on cojipcr is the 
offtHit of cold vv(,rk. (’oid-workc'd coppcT hc'haves almost like^ 
dmerent metal to h<'t -worked or unnealc'd copper. The cold -drifwn 
wire, for in^(anee, is very much stronger, although slightly U'ss 
conductive, than annealed wire. The increase in t<*nsil(' strirngth 
and hardness observed as copp(>r is subjected U) progressive drawing 
or rolling, appears to prfieecd in a curious discontinuous mannci, 
which 18 difficult to explain adcfpiah'ly by the ordinary notions 
of deformation.’’ The matter will require, Jurt her investigation. 

Uses of Copper^, The industrial importance of copj^er depcnids 


AsmemRep. 88 (1920), fiO. 
a fir Travs. Faraday For. 15 (1920), 128. 

Johnson, J. 
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pn the high electrical conductivity, the good heat conductivity, 
the resistance to oxidation oven at fairly Ifigh tempcraturefi and, 
to a small extent, on the softness. • ^ * 

The electrical conductivity of pure copjKT excels that of every 
other metal, except silvef, and cojlper is used on a very large 
scale for telegraph and telephone wires, power-lAes, etc., and also 
for electrical machinery. As explained in the section on aluminium , 
(Vol. II), the latter metal rn|y sometimes be cheaper to use ; where 
the difference in cost is not great, the absence of an almost unrenfov- 
able oxide-film on copper makes it a far more convonii^t material. 
On account of the higher conductivity of pure metals, only 
electrolytic cop})er is used for the purpose ; bift on fvjcount of the 
greater strength, cold-drawn ^or “hard-drawn”) copper uire is 
generally prefern'd to the annealed wire, fti .‘<pitc of its slightly 
lower conductivity. 

Although the presence of most impurities in eoj)per which is 
intended for electrical purposes is to be avoided at all costs, the 
addition of a small amount (M jmt cent.) of cadmium has many 
advocates. Wire* eoutaining cadmium is said to have be(‘n employed 
considerably in France and Italy. Although the conductivity is 
reduced by 10 per cent, by the cadmium, the tensile sth‘ngth is 
increased by o\er 50 percent. ; nion'over, the temj)erature at ^hich 
(!old-drawn eoj)}#!^!* Ix'gins to lose its ac(}uired hardness is raised 
considerably by tl>e presence of cadmium ; thus in the wire contain- 
ing cadmium tlu'rc' * is less danger of loss of strength through 
accidental heating. ^ 

The manner in which co])per withstands corrosion by air and 
steam at high temperature«<, combined with its gooil heat eon- 
ducUvity, has render<*d it useful in locomotive construction. ^ 
I^ is the material ^(merally employed for the fire-l>ox (although 
ftiwl fire-boxes have been used with succV.ss in America), and aJso 
for*^the steam-pipt's. r()[)per withstands the action of sea-water 
W’oll, and ^v'as used in the past for ships’ iMjttoms, although it has 
laiyely beoii superseded by such alloys as Muntz metal. Copp<'r 
is to some /extent employed as a roofing material for builcKngs ; it 
soon turns green when exposed to the w'<‘ather, but suffers no serious 
corrosion. The metal is used for cooking utensils, but they arc 
usually tinned interiwUy. Copper finds employment as a printing 
surface, and numerous objects ol art are cuad^ of beaten copper. 

The softness of popper is responsibl^) for few of its minor uses 
—for instance, in the inanufactun^ of shells. A^large proportion 

» W. C. Smith, MfL Chc^K. Eng. (1921), 1178 ; Elect. World, 79 (1922), 
223; C. E. Siebeiithrtl, U.S. Gccl. Surt\ Min. i?c#.^1917), I, 61. 

» J.<'VV. Hobson, MecH: World, 56 {WA), 2S6; 9/ (1915), €2. 
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of the copper made is devoted to the manufacture of the alloys, 
which arc discussed below. . • 

In casting w)pper, care should always 1 k) taken to avoid access of 
sulphur dioxide to’thc molten metal. (V)p]KT dissolves the gas, a 
mixture of sulphide and ox* do being probably formed thus, 

6Cu -f 8O2 == CujS -f- 2 Cua(). 

The oxide and sulphide are solidde in the molten coi)per, but, .on 
coaling, the oxide tends to separate* at <dieinier-granular boundaries, 
causing fragility. ^ It is usual to add one of the deoxidizers referred 
to above (c.g. zinc, ])hosphorus, or boron suboxide) to co])por before 
casting. It is not(‘worthy that coppe^** containing in ter- granular 
ox'do is most likely to fail if heated in hydrogen or other reducing 
gases. The hydrogen diiruses in\/ards along the inter- granular 
boundaries ancl reacts with the oxide*, probably forming steam in the 
interior. The* crystals are thus push(*d apart, from one another, 
the metal increases in a])[)arent \()lume, and int(‘r-granular cracks 
develop.- 


Use of Copper Compounds. A certain amount of copper 
sulj)hate. is obtained as a hv-]>roduci in the treatment of ores — 
and especially in the tn'atrncnt of nickel-copper matte by tlie 
Moiid j)rocc.sH. It is used as tlu* source of thi* o(h(‘r salts. 

Cojiper salts, even when prc.sent in very sma)’ amounts, have a 
poisonous action on some of the lower forms of lif(\ I'hus copper 
sulphate is added to water, espc*eially in bathing-])laceR, to prevent 
the growth of weeds. It is stated that for this pur|)oso 1 part per 
million is quite effective, a quantity which has no injurious effect on 
the fish prf'sent in the water.^ 

Likewise, “ Burgundy mixture,'’ ** which is essentially a mixture 
of basic carbonate and basic sulphate obtained by pntoipitation, 
is used by vine-growers to combat plant diM'jiscs of a fungfcui 
character. Various copper compounds, including “ KmeraM gr*en,” 
Cu(C2H302)2.3Cu(As02)2j are employed in anti-fouIing» preparations 
for ships’ bottoms, os they prevent the growth of marine organisms.® 

Copper salts are used in glass, and also the (*eramic industry, as 
colouring agents. In the cupric condition, they confer a green or 
greenish blue colour ; but, in presence of reducing ag(*nts, a deep 
ruby glass can be obtained. 


Like many other metals which exist in two states of oxidation, 

‘ E. Heyn, MetaUographist, 6 (1903), 49. •* 

* H. Mooro anA S. Beckinsale, J». Just, Met. 25 (1921), 219. 

•C. Embrey, Analyst, 42 (1917), 264 ; S. Rideal, Analyst, 42 {19i7). 268. 
gives intereeting infomiation on the flection qf copper as a germicieW 
*R. L. Mond and C* Heberlein, Trans. Chem. Soc. 115 (19191. 908. 

• P. E. Bcmlee, J. Chem. I la. 41 (f922), 492iu 
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copper ha8 been used as an oxygen cai^ier in organic reactions, 
fbr instance, in ths manufacture of aniJino ,black*. • 

« 

. • 

^(/Copper Alloys * , * 

The most ini})ortant^ alloys of co[ijKT arc 

(1) Copper-zinc alloys (Brasses). 

(2) Copper-tin alloys (BronJles). 

(3) Copper-aluminium tlloys (Aluminium bronzes). ^ 

In addition wo have copper -nickel alloys (like Mopel metal) 

and copper -manganese alloys, l)oth of which have been discussed 
in previous volumes ; allo}« with silver and vvitlj j^old will be dealt 
with in the sections devoted to silver and gold respectfvely. ^oine 
of the light alloys of alumifiiibn aiul copper, in which copper is 
only a minor const ituent, were discussed ah mg w ith the other 
alloys of aluminium. 

The brasses, bronzes at)d aluminium bronzes n quire further 
consideration at this point. In each ease, the e(|uilihrium diagram 
is somewhat eomplieated, a largt* number of ditTenmt solid solutions 
being knowii. A study of tlu^ ecpiilibriuin diagrams of the three 
classes of alloys (Figs. 10, 11 and 13) reveals a general synilarity 
betwTen the th^’c systems. ^ 

The alloys (^an i»e made by melting copp(‘r muler a layer of char- 
coal, and adding the second more reactive metal to it. The charcoal 
is added to prevent tlje access of oxygt'n or sulphur dioxide to the 
alloy. With the same object in view' it is advisable to use a crucible 
fvirnact', rather than a typo of furnace in which the heating gases 
pass directly over the surface of the alloy. Plumbago crucibles 
firedjby oil or gas are very useful, and for largc'-.seale production are 
mounted on bearings^ so that they <*an readily be tilted up to pour 
tk(f alloy. The electric furnace with its jie\itral atmosphere has 
alsof^)rov('d suitable for melting the constituent metals in the making 
of brass castings.- Kovorberatorv furnaces liavc been used for 
making largo cpiantities of alloys, but they are likely t.o allow the 
introduction of impurities, and in the case of brass cause a cqjisider- 
able loss owing to the volatilization of zinc. 

A good deal of heat is evolved when aluminium is added to copper ; 
this is not so much due to the combination of the tw'o metals as to 

t 

' See E. F. Law, " Alloys ” (ClrifWn). A. H. Hionn% “ Mixed Melds ” 
(Macmillan); W. T. ’i^rannt, “Metallic Alloys'' (Baird); G. H. Gulliver, 
“ Metallic Alloys ’’ (Griffin). * ‘ „ 

• For the type of electric fumaoo used in melting brass, see H. M. St. John, 
Tram, Am«f. Electrochem. Sac. 37 (1920), 679 ; G. H. Clamer, J. Franklin 
Inut. 190 (1920), 473 ; H. tV. Qill^tt, Trana. Anujr^ Ekctrochem. Soc. 39 
(1921), ,295. , I., V 7 ^ 
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the oxidation of alumihium by cuprous oxide, which is nearly 
always present ni tl^e molten copper. • • 

A*large proportion of alloys in technical use contain not’merely 
two metals, but tlfrce ^or .sometinu's four), 'rernary alloys contain- 
ing copper, tin and zinc arcrparticubujy important. 

Copper-zinc* Alloys (Blasses). The c(|uilibriuin diagram of 
the copper-zinc alloys, and the general charactiT of the alloys of 
(liflferent compositions, has alnvidy )>ccn discussi'd in Chapter'lV 
(Vol. I). But for the sake of coin])lctcnesH tlu* diagram is repro- 
duced heVe (Fig. 10). 

At ordinary temperatures, all tlic brasses containing less than 
36 per cent^of zinc; consist of a single K'?)lid solution {(t-brass ) ; they 
shou', when anncali'd, the ordinary polygfuial structure characteristic 
of pure metals, althcfugh whcfi ({iiickly cooled tlic'y often show the 
dendritic “ coring ” so common in mixed crystals ; the coring is well 
displayed! by Fig. A of the frontisj)i(‘ce, which is a micro-photograj)h 
of chill-cast brass with 70 pc'r cent of cof)pcT. 1’he time of annc'aling 
needed to remove; the coring and rendcT the* ahoy homogeneous 
varies to a remarkable extent, with the temperature. At 650'' (/. 
an hour will usually sulUcc^ ; but at 600 ('.about- tliree hours 
may ha nevded. ^ 

'?]ie colour of the a- brasses varies from pale yellow to ycilowish 
red, the colour bc'coming redder as the coppem;ontent increases. 
"Phey have moderate tensile strength, high ductility and are suitable 
for cold rolling. A section of n-brass .vhifh has been cold-rolled 
and annealed frecjuently displays twinning ; the same grain is 
divided into dark and light hands, owing to the oriemtation being 
different on each side* of the twinnin;"-plane. 'Jins phenomenon is 
shown in Fig. H of the frontispic'cc. • 

Alloys containing 36 47 jut cent, of zino’are <juite different in 
cjiaracter ; micro-s(‘ctions show tliat th(‘y contani tw'o sepanJte 
kinds of grains. Fig. C id the frontispiece is a micn)-phot(>gni^>h of 
a brass containing 40 per cent, of ziim, McIuhI with ferrh chhaide. 
ITio white grains are the o-solution, whilst the area? which have 
been darkened by the action of ferric chlorid(‘ may be called the 
/9i-8olution. The brasses of Wiis charaebT an* commonly known 
as the aft-brasses. They possess a rt^ddish -yellow^ colour, the 
reddish tinge being due to the ftj constitnaptr— a curious fact con- 
sidering its relatively low copp(T-content. The a/?- brasses have a 
much greater tensile strength than the a-brass^ ; they are suitable 
for hot roUing<, According to Carpenter^ the -constituent is not 

' M. Cook, Trans. Faraday Soc. 17 (1922), 522. 

» H. C. H. Carpenler and C. A. Edwards, J* Inst. Met. 5 (1911), 127 ; H. 
C. H. (Carpenter, J, 7 (1912), 70; 8, (i;»l2), 01 ; 12 (It 14), lOL 
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homogeneous, but is a fine mixture of the a-solution and the y- 
solution. This is ve?y possibly true ; nevertheless the /5i-cotstituent 
seems to possess properties of its own, quite differcift from tnose 
of the y-solution in the structurally free coivlition ; it is therefore 
convenient, for practical purposes, tl» regard it as an ultimate 
constituent of brass (jilst as pcarliteas often trdted as an ulti- 
mate constituent of steel, having^ properties quite different from 
structurally free cementite)* a/?- brasses are malleable when hot, 
but become brittle when over a certain range of temperatui43. 
Recent experiments l)y IVof. Turiier show “ that the brittleness 
extends over a considerable range, that the change is gradual, 


. Composition, 

10. — 'Hii’ System Copper-zuu' (Shepherd’s Diagram with Modificatlop 
« suggested t>y Dosch). 


and Jthht thopglt it reaelu's its maximum somewhere in the neigh- 
bourhood of 47(f (\, it extends over more than 2(X)\ The»maxi- 
mum brittleness occurs at a higher temperature at the copper-rich 
end of the series.” ^ 

Between about 47 p^ir.cent. and 49 per cent, of zinc, the alloys 
seem to consist of alone, but w bed the zinc^'ontent exceeds about 
49 jx^r cent., crystafe^of stnicturally free ^-brass appear in the alloy. 

• a 

See, however, O. F. Hudson, J. Inst. Met. 12 (1914), 89 ; C. H. Deech, J. Inst, 
Met. 5 (1911), 171 ; 12 (1914), 104. Compare L. Guillet, Itev. Met. 11 (1914), 
1103. ^ • 

* Proi T. Turner, private cuninfunicaliow. • | • 
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As the y.solutiqp is very brittle, brasses with more than 50 })er cent, 
of are without TOOchanical value, and arc only employed W 
castings of purely ornamental character ; tliey are grey or white 
in colour. A' brass (containing about 50 per cent, of zinc is also 
used for “ brazing ” purpcf^es. • 

The questioi^as to whether the various* solid solutions met with 
in brass should or should not 1^^ regarded as derived from defiryto 
inter-metallic compounds has been dj^cuss(‘d in ChaptiT IV (Vol. I) ; 
diere is a certain amount of evi(l(“ncc for regarding the brittle 
y-solutiofis os being derived from tlu^ compound CiioZiij, 
although evidently an excess of zinc atoms are j)r(‘S(‘nt in the 
crystal-stnjcture.* * 

Uses of Brass. On account the case ^\ith which it can bo 
cast, rolled, drawn, stampc'd, spun and (‘.\trud(‘d, combiiu'd with the 
manner in which it withsta'uls corrosion, bra.ss is one of the most 
useful of the non-ferrous alloys. The two tvpe.s of brass tmploycd 
in practice are :■ 

a-Brass. Brass containing about .‘10 p(‘r e(‘nt. of zinc (70/110 
bniss) is much used for cond(‘ns<*r tubes. Ilrass uscmI for castings 
(ifteii (;()ntains rather less zinc (20 ‘10 per cent ), whilst that uk(hI for 
cfi^tridgc cases has sometimes rath(*r more (’l,‘l ^)er (;ent.). 

up'- Brass. Muntz Metal, an alloy eontainim;; about 4tl ])('r cent, 
of zinc (and often some lead), was originally introduecal for slu'athing 
ships, but is now' used for many other pur[)oseK. It is stronger and 
harder than a-brass ; it is capable of being rolhsl hot, but, as aln'ady 
stated, becomes brittle if cooled to about 470'^ If qinmched 
from above the transformation point, it is c(mHid(*rahly hardenexi. 
The edicicncy of Muntz meta! for the sheathing of slqps 
ascribed in j)art to the poisoiious character of the zinc salts 
produced by its corroij^ion ; th(? zinc salts pn'vent barnacles 
Attaching themselves to the .ship's bottom. , 

Special Brasses. German silver and similar alKiVs r ontiining 
nickel, which can bo regarded as nickelif(*rou8 hrassef. liaVc, been 
refemed to in the section dcvottal to nick(‘] (Vol. III). S(‘vcral other 
types of special brasses, howevtT, remain to ho (i('scrih(‘<l. 

“ High tenacity brasses are brasses containing small 
quantities of iron, manganese and alunjipium (usually all three 
elements are presen'j ; the stKmgth of these alloys considerably 
exceeds that df ordinary ^zinc-copper alloys. They are often 
described as **«manganese bronzes/’ but the name is unfortunate, 
since they are brasses, not bronzes (many of these alloys contain 

« » • » 

10. SmaUey, Met.^Ind.2\ (1922), 75. 101, 124, 149; K. J. Davis, 

Met, Ind. M {1921),*^ 26. * * 
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no tin), and the manganefio content is usually very small. The 
allftys are maniifactufed on a very large scale, si/ice they dowbine 
a strength which sometimes approaches that of stool with the 
peculiar stability of brass towards sea* water j tlfey are thus used 
for innumerable i)nrpo8es connected Avith .ship])ing and docks. 
The composition employed usually fills betweei* the following 


limits 

('()])per 
7Anc . 

Iron . 
MangaiK'se . 
Aluminium 


Per cent. 

.3045 

. or >-^20 

0 ‘ 2-40 
0-2 *40 • 


“ Delta M(dal,” a hard strong brass of this ijass, is considerably 
used for the manufacture of pumps, valve's and similar purposes. 
Some high tenacity brasses contain small quantities of nickel ; 
others contain tin or lead, additions which increase the resistance to 
corrosion. 

High b'liacity brass has in recent years been used largely for 
making the propc'llers of fast steamships ; micro-sections of one 
alloy which has keen employed with success show the a/^-stri^c- 
ture, the «-compoiient being in considerable excess of the fl-eom- 
ponent. Su(;h a material can be used for jmqM'llers revolving at 
speeds which would cause the rapid destruction of most ordinary 
alloysA It is general!^ considered that the wear of high-speed 
propellers is due rather to mechanical erosion than to chemical 
corrosion, although this matter cannot be regarded as definitely 
proved. * 

The'exact functions of the three main additions (iron, manganese 
an^aluminium) are still not understood as completely as would be 
desirable, although recent work by Smalley has thrown much lightT 
upon tbe question. It wi\\ be advisable to consider in turn the 
eflixit of adding each of these* three elements to brass, and at the 
same ‘time the mode in which the element is addtxi. It should 
first bo pointed out that the presence of the elements (especially 
aluminium) in brass affects considerably the composition at which a 
plain a- brass ceases to bo possible, and where the /^-constituent 
appears. Thus whilst aTirass with 10 per cent, copper, 30 per cent, 
zinc has the pure a-structure, an alloy containing the same amount 
of copper with 26 per'cent. of zinc and 4 per cent, of aluminium has 


^ 0. Silberrad, J. Soc, Chnn. I»d. 40 ( 1921 ), 38t. See, however, W. Ramsay, 
J. Soc. &hem. hid. 40 (1921), OdT. reply by O. Silberrad, J. Soc. Chem. 
Ind. 40 (1921), 173t. , ^ ' • * , * > , 
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ftn a^-stmcturc siinil&r to that of a plain ooppcr-zinc alloy with 
43 per •cent, df • • 

IX appear! likely that it is the aluminium which causes directly 
the abnormaUy high yield point and tensile strength of the high 
tenacity brasses. The allo| just mentioned (containing 4 per cent, 
of aluminium )Jms a streniJh not very ditfcrcnt from that of mild 
steel. The great strength confcrrecl by aluminium u])on brass 
miLst be considered in connection with the gr(‘at incr(‘asc of strength 
produced when aluminium is add(‘d fo copper in the manufaeiure of 
aluminium bronze. Aluminium is gcmerally added as metal. 

The manganese may act in part as a deoxidizer and desul- 
phurizer, but pi;obably has also a .sf)eeilic function. Possil)ly it 
renders the grain-size tiner, in tin* same way as iron {wc hclow). 
Manganese is comnionly added a^ ferro-mangane.se, but this alloy 
• — owing to its high m(‘Iting-point and th(‘ pr(\sence of carbon-'" 
does not readily dissolve* in brass ; {*v(‘n if mollen fin’ro-inanganesc 
is added to molten brass, it is not unusual to lind on cooling that the 
brass contains hard bluish j)ell(*ts of undigested fcTro- manganese, 
which arc largo t'nough to reruh'r tin* bra.ss (piite ns(*l(‘ss for many 
purposes ; the machining (|ualiti(‘s sulFer (‘sjas-ially. It is better 
to usQ “ cupro-manganes(‘ ” (containing 3U ])er (*ent . manganese) 
af4 the mat(Tial for introducing manganese into* brass; this alloy 
can be prepared by adding b'lro-mangaiK'se t(^ molten (-opjier. 

The elTcct of iron - upon brass is a subject U))on which many 
different ofiinions have* been (‘xjires.si'd. Many manufacturers of 
ordinary brass look up(>n the presence of iron with considerable 
disfavour. Tliere is no doubt that if iron is introduc(*d into molten 
brass as ordinary steel scraj), hard nodules of undigi'sted steel arc 
liable to remain in the jiroduct, tin* quality of which will^learly 
suffer. It is commonly sujiposcd that the, jiresenci^ of manganest^ 
or aluminium facilitates, in some way, the alloying of iron «^’ith 
'brass.'’ But the fact (mc'iitiomal abo\e) that ferro-mai^aneso 
itself does not n*adily dissolve in molten brass, rcijders this view 
somewhat difficult to aoc(‘pt. * 

If^however, the iron is introduced into the brass as a copj>eT iron 
or zinc-iron alloy, practically; free from carbon, the trouble referro(i 
to above can be avoided. Small quantiti(‘s of iron (ftp to about 
0-4 i>er cent, probably) can exist in bra.sH in solid solution ; if larger 

f 

‘ L. Guillot, Rend. 142 (1906), 1047. But (Juillct'H j>rinoipIo of 

the "coefficient of equivalAcc" must bo acceptejf with caution. Hue W. 
Guertler, Zeits^. MethUkunde^ 13 (1921), 128. 

« O. Smalley, Met. Ind. 17 (1920), 421 ; F. Johnson and R. E. Rednall, 
Met. Ind. 18 (1921), 101, 125. 

® C. M. Weld, UaS'. Bur. Mines, 178 (1920)» 25. Compare " C. V.*'’ Mach- 
inery, 13 Q919)» 60^- •,!*,* * ^ 
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quantities are added, a second phase appears in thd brass, and it 
is^t this point that^tho beneficial effect of the iron begips to be 
experienced. An a-braHs containing 1 per cent, of iron is much 
more fine-grainoxl than a similar brass fre6 from iion cast under the 
same circumstances ; and accordingly the strength, hardness and 
shock-resisting qualities of firass eonlJ,ining iron are superior to 
those of similar brass fn^e from iron. It seems almost eiTtain that 
the minut(* j)articl(‘s of the iron-riPh phase, which are solid whilst 
the brass is still molten, act nuclei for the crystallization of tip 
brass when it passes below its melting-point. Thus a large number 
of small grains, inst('ad of a hnv large dendritic crystals, are obtained. 

The Effect of Other Elements in Ordiipry Brass. In 

general, clem(mts like h'ad, cadmium and arsenic— any of which 
may b(i introduced accidentally* or oth(‘rvvise,wiih the cop])er or 
the zinc do no harm if ]>r(‘sent in such smalUjuantities that they 
remain in solid solutioii ; in fact th(‘y may acdually increase the 
toughness. But arsenic ‘ in quantities (‘xecssling about O-o per 
cent., or cadmium - in (jinuitities (‘xec^eding about 1 ])or cent., 
a|)pear betweem the grains and (‘auses a liability to inter-granular 
fracture' ; likewise lead above 0-i) per cent, apjx'ars as a separate 
phase, and causes weakm’ss. For many purpos(‘s tlie pres(;nce of 
much I(‘ad in briKs is not to b(^ tolerat(‘d ; but wln're the brasf^is 
to be maehined.*a^)rass containing k^ad is aetuaily preferred, since 
such a. brass, just because of its weakness, comes off in ehij)s rather 
than in long tight rolls which intcrf(T(' with the work. Antimony 
and bismuth,'’ even in very small (plant ities, are highly deleterious, 
causing inter-granular weakness ; tin* sanu* is tnu' of sulphur, 
whicli may Ik' absorbed from tlu' furnace gas(‘s. 

Tin is added to brass in quaiititk'S of about I p(‘r cent, in order to 
make Ihe material less porrodible by sea-water ; the matt it will be 
refg^Tcd to again later. In the Navy an a-lirass with 29 p(T cent, 
zinc, 10 per cent, cojiper, and 1 ])er cent, tin is used instead of the* 
old 70/30 bra^ss for condeniicr tubes, whilst for purposes where a 
strongo alloy is needt'd, an a^-brass with 37 per cent, zinc, C2 per 
cent, 'copper and 1 per cent, of tin is employed. More reqpntly 
non-corroding‘ brasses (both of the p- and a/?-types) containing 
2 per cent.* of lead, instead of 1 per cent, of tin, have been 
recommended. 

Season-Cracking. Even pure Vaas, aft^r it has undergone 
cold deformation, is«liable to undergo the type dlt inter-granular 
failure known as “season-cracking” jihen stored f(y some time; 

* 0. Smalley, ,7. Soc. Chan. Ind, 36 (1917), 429. 

• • L. Cuillet, Coinptm Hcndik 166 (1918), 735.* 

^ \R. A. Wood. J. Amer^ IJ (I9ij7), 181,^ 
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it tates plac^ with especial ease at high temperatures and is 
commonjy observed in eartridgc cases stored iji tropical countri^. 
It ii gcnerajly connected with the presence of internal strains, 
such as exist in all metalfe which have undergone deformation at 
(comparatively low t(*^nperatures without subse(picnt annealing, 
but which proh^ibly exist tf a special extent in articles nuule of 
“a-brass” just because of the extraordinary aptitiuh' of that 
metal for being worked into slui^^o. The internal stresses may be 
nearly equal to the ultimate strengtlt of the material, and if vtTy 
slightly incncased through external eaus(‘s may conu' to execaal it. ^ 
The concc'ption of the inter-granular mat(*rial as a v(‘ry viscous 
li(jui(l has been ap|di(‘d by Rosenhain t(^ie(‘ount for MMison-eraeking. 
The grains ‘may slowly ])art from oni‘ anotluM’, in the course of 
months, as a result of intcTual fowes which ar<; too small to pull 
them apart from op(‘ another (piicKly.- 

There seems to be littU' doubt that corrosive agents, such as 
will selectively attack th(‘ inter-gianular cenu'iit, often play a 
considerable part in bringing about si'ason-eraeking in brass articles, 
of which the exti'rnal layi'r is in tension.*' As the corrosion pene- 
trat(‘s betwTcn the grains, the tension existing in the brass pulls 
the grains apart, thus causing th(‘ cracks to open mor<‘ w'khdy, and 
allowing the corrosive rigi'iit to ent(T the cavi^(‘s betwet'n the 
grains ConscYpU'ntly corrosion procec'ds mor(^ (^ji<^ly than would 
be possible in unstraiiK'd brass, and the inl(*r-granular cra(*ks soon 
come to extend for an ap])r(‘ciable distance into tlu' metal. Recient 
work has shown that not all corrosive agents j)roduc(‘ K(*ason* 
cracking in stressed brass. Only those which cause sel(‘ctive 
corrosion of the int(T-graniilar material hav(‘ this action ; of theses 
agemts, ammonia and ammonium sabs are tlu oik's most likely to 
come into contact with brass under ordinary conditions. Mef airy 
salts also stimulate season-cracking ; but nitric and hydrochlqjic 
acids, although causing pitting and general corrosion, do^ not 
prcxluce cracking. Various corrosive liipiids have pro\(‘d V(‘iy 
useful to diffenmt investigators, for tlu’iletection of infernal j^-k'shch 
in worked brass. A solution of mercurous nitraU' containing^tree 
nitric acid has a distinct solvent action on the inter-grainilar material 
in brass and causes inter-granular enwks to develop v^horever a 

» E. Heyn, J. Inst Met. 12 (1914), 3. See alw. W. 11. Halfield anti (i. L. 
ThirkeU, J, Inst. Met. 22 (1919), 

• W. RoHenhain and Hi L. Archbiitb, Pror. f{(/y. Sor. 96 [A] (1919), of*; 
W. Roaenhain, J. Inst. Met €2 (1919), 92. 

* H. Mooro, S. BockinBalc anti C. E. Malhnflon, J. Pist Met. 25 (1921), 35 ; 

H. Moor© and S.* Beckinaalc, Tracts. Faraday For. 17 (1921), 102 ; Inst 
Met. 23 (1920), 223 ; 27 (1922), 149; C. H. Dcatih, Trans. Faratlay Soc. 17 
(1921), 17 ; O. W. EUis, Trans. Faradcn Soc. VI (1921), 193 ; VV. C. Hother- 
saU, Trat^. Faraday She. ;7 (1921)^ 201., . 

% I J * 5 « 
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tension exists at the surface. KesearcheS with this solution have 
cteraonstrated the fact that by annealing at a fairly* low temperature 
(say 250° C.) it is possible to remove the dangerous in/ernal sttesses 
without materially affecting the harclncss. ^-byiss containing 
aluminium is particularly prone to kiter-granular corrosion ; by 
immersing a piece of this brass in nwreury the c^miponent grains 
can be made to })art company with tme another altogether.^ An 
interesting case of the failure of a*/?-bra.ss containing manganese by 
the p(‘nctration of solder alotig th(‘ grain boundaries has also bqon 
recorded.- 

Corrosion of Brass. Many of the doine.stic uses of brass are 
tlue to its c()ni])arativel/ stabh' charat'tcr ; « in place's where 
unprotected sbii'l would rust badly, brass will n'lnain uncorroded, 
or only superficially corroded, and if rubb(*d up occasionally will 
actually k('cj) bright ; brass sui faccs are, of (tmrsc, often j)rot(‘ct(‘d 
with a coat of transparc'iit lacejucr. 

One of the most important {)ropcrties of brass is tliat it is but 
litthi attacked by salt water : lu'iice thi^ use of brass in the manu- 
facture of tubes for marine condcnsc'rs. Jt is, liowev('r, \\('ll known 
that coudensi'r tubes ar(» corrodial through in tim<*, and occasionally 
the tubes fail very rajudly. Tlu' inatb'r is naturally onc#)f great 
technical inij)orttinc(‘, and has been the subject of many investiga- 
tions. Some y't'ais ago a committ('C! was appointed by tlu' Institute 
of Metals to ('xamine the subject of the eorr<>sion of non-ferrous 
materials, and the derailed n'ports-^ published by this committee 
deal largely witli Ihe (piestion of brass condenser tubes, and 
cofistitut(‘ a mimi of most valuable information on tlu' subject. 

(\)ndcn.ser tubes art' alinost iiuariably co\i'rcd ^\ith an 
appiV'cntly structurt'lcss layt'r, caused by tim mt'chanical working 
of the surface, and comparable to the “ vitreous film .shown by 
Urtlby to b(‘ pri'sent on the surface of a pt)li.sh('d metal. ^ This 
layef is oftt'ii di.stinctly richer in cop])cr than the lower portions of 
the l)ra.ss, the richness iif (;op})er being mainly the result of the 
acit^-pV'kling used in cleaning. The preat'nct' of such a compara- 
tively uniform layer is no doubt an impt)rtant fat'tor in preventing 

1 C. ir. tfoHcli, J. Inst. Met. 22 (1919), *247, 248. 

» J. H. S. Diekciwon, J. Inst. Met. 24 (1920), 315. 

* Thrw of tho reports which concern brass are : — 

W. K. (libbs, R. H. Snnlh (uid G. li>. Rengongh, J. Inst. Met. 15 (1910), 
37 ; G. D. Bt'ngough, and O. F. Hudson, J. Inst. Met. 21 (1919), 148 ; G. D. 
Bengough, R. M. JonSs and R. Pirret, J. JnS. Met. 23 (1920), 05. Most of 
the information, including a classification of the cOrrosion into five distinct 
types, is in the lust of these rejxjrts. ^flie results of (a*nnan experience 
gained during the war are discusseil by Schulz, Zn/.sc/i. Metallkunde, 12(1920), 
49. • • , • • 

* G. p. ileugough, R. AJ. Joneaond ly;. JPirrott J. inst. Met. 23 (1920), 80. 
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the ituliation of corrosion, ifevertheless, corrosion is not prevented 
entirely, for in any condenser the failure of a ti^bo does occur from 
timCito time owing id jx^rf oration. It is a fact that when once a 
given tube hop begun to corrode in a marked manner at a point, 
corrosion continues at that K'^int quickly until perforatioh occurs, 
although other tubes in tlu^amc condenser may remftin almost 
unattached. The main iiLsolublo products of the eor^*osion are 
“ basi^ chlorid(\i " of zinc or copper (conetivahly these are really 
h>Hlroxide.s with adsorbed chlorides), wdallic copper and cvprovs 
oxide ; a certain amount of soluble chlorides of copper and zinc 
are probably also produced. 

So long as the condense'r tubes are kept free of solid matter, and 
so long as the water flowing through the tube is free froni entaiigk^d 
air-buhbles, the only form of corr osion is a slow' gimeral attack 
spread over the whole surface of the tube. This is seldom .serious ; 
in sea-water the amount of metal removed will only very slightly 
reduei* llu' thickness of the tubes even after a long ])eriod. In one 
cas(* a o per cent. lo.ss of thickness aftcT eighteen yc'ars w'as observed. ^ 

If, however, the solid corroMon-j)roduets are allowed to settle 
on the surf act! of the tube at any point, the state* of a flairs is very 
different. Ihipid attack often occurs where the dcj)()sit has settled, 
and this attack may soon lead to failure. Now in the ordinary 
maiiiie condenser, the* corrosion -products (of the kind which produce 
this cfl’cct) are usually swept out of the lube i)y the current of 
water. If, however, ])articleH of sand, coke, wood fibre, cotton 
fibre, seaweed, shells, or c(»lIoidal matter <»f organic origin have 
access to the tube, th(‘y may settle or cling to the surface, and then 
entrap basic salts. Therefore- unless tin* tubes are kept clear, 
serious corrosion may oc'cur. It wilbbe f)bvi( us that the particles 
w'hich are capable of causing trouble are most likely to entc* the 
tubes whilst the boat is in harbour. If the tubes could be eleai^jxl 
out before putting to sea, the trouble^ .‘iccording to the WTit^srs of 
the reports mentioned above— could largely be avoided. 

It should be stated that not all oi every kind (d* basic |iali is 
favourable to conosion. Occasionally, a film of what is described* 
as “ wTiite, cryskdiine zinc oxy-chloride ” has be(‘n observed upon 
the brass, w hich completely protects it from the action of the w ater. 
The corrosion product formed upon brass (containing tin or lead is 
generally of a tough, coherent cljaracter, aftd the specially resistant 
qualities of bras.s/jontaining these metals is due to this impt^rme-able 

• 

' In fresh-wate^ condensers fed acid waters, (lie rate of attack may 
be greater, but it is generally capable of control by suitable treatment of 
the water. , • • « 

• O. D. Bengough, K» M. JTones and R. ^irret, J, Inst, Met. 23 (1020), 118. 

M.O,— VOfc. IV. • • r 
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vamiflh.i The t)rpe of corrosion-product which iS found \iO be 
harmful is of a copiparativoly loose flocculent character, and is 
generally stained blue or green with copper salts, althoughe this 
colour may bo masked by the presence ftf iron ; • it appears almost 
certain that it is th(^ copper salts which caifse the Samage. 

The writers of the fifth report to th| Corrosion (^ommittee of the 
Institute of Metals pr(‘fer to regard th(^ acti(m of the copper salts 
upon the brass as {mrely chemical. • Supposing the corrosion-product 
to contain cupric chloride, thi.«iwill act upon both the zinc and copper 
of the brass, thus, 

CuOl^ -[ Till ZnCL -f Cii 
(hid a -I Cu - 2CuCl , 

The first reaction produces tlu^ metallic cojiper, which is always 
found in the corrosion- product, arul which tlu^ writers of the report 
regard as being of a secondary nature'.- 'J'he* second reaction will 
])roduce insoluble' cuprous ehloriele*, which will re'inain in sitn, until 
it is reoxidized to cupric chloride' by the oxygeui dissolved in the 
sea- water ; the^ euipric chloriele' will the'ii attack a further quantity 
of brass. Thus the? copper chloriele in the' adlierent matter really 
acts as an oxygen -carrier. 

Of course, whatever the nu'chanism of the reaction, the*rate of 
corrosiein will neccvssarily be limiteel by the rate' at which oxygc'Ti is 
supplied to the m^rface*. If the? wate'r flowing through the tubers 
contains oidy dissolve'd ei.xyge'u, an upper limit is set to tlu5 rate of 
oorrosiein, for the' solubility of eixygen in water is but small. How- 
ever, if entangled air-bubbles are* present in the' water, the' rate of 
attack is not liinite'd hy this e'ause, anel serious pitting may occur 
at eir near the point where* they impinge on the brass. 

ltdvill be notice'el that the writeTs of the* repe)rt mentione'd have 
made no use eif the conceptiem of ceirreision as an ele'ctro-chemical 
pKk'nomenon, whie'h has jwoved so useful in the study of the corrosiop 

' C. H. Des(ih. 'J'ranii. Farqday Soc. 11 ( 1915-1 (>), 198; J. Sor. Chem, 
Ind. ^ (1915), 258. 

• Xhrec types of views Imvo lioen expressed tw to tlio orijB;in of the copper 
found in the corrosion {>roduct of brass. (J. D. Ilengouph, R. M. Jo»(?8 and 
R. Pirret.i/. In'ftt. Mi t. 23 (192e)), leiS, consider that the oop|X‘r is of a secondary 
nature, duQ> to raiepomtion hy chemical'' agency. The present writer has 
suggested that it is due t-o rcdepofution by electro-chcmical agency ; see U. R. 
Evans, Trans. Faraday ISoc. 11 (1915-16), 267. C. H. Desch and S. Whjie, 
J. Inst. Met. 10 (1913), M; 11 (191U 235; 13 (1915). 80, consider that 
the copper is residual in origin duo to removal of 'the zme by the corrosive 
agency, the copper bt^ng left behind undissolved. If ordinary corrosion is 
an electrochemical phenomenon, it is conceivable that residual copper might 
be produced at the onodtc areas, and rede^sited copper at the cathodic areas. 
Desch and Whyte in their experiments made the whole specimen the anode, 
by applying a current from an extern il source ; if residu^ copper were ever 
possible, it, would be observed diost easily imder ,8uo)* conditions. 
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of many simple metals. Having regard to the object of the report 
they were probably wise to avoid controversial issues. But it is 
instructive to consider the subjet't from the electro-chemical 
standpoint. In aujfiie tube, owing to the uniform character of the 
surfacti film; diere is little likelihood of the setting up of any corrosion 
couples with appreciable F 's. Hence the ccaTosion of new 
tubes is lik('ly to bi* almost negligibh* at tirst- ns is indeed found 
to be the case. But if at any })oinf (owing to une(|ual stresses, or 
lo^*al v.ariation in comj)o.‘jiti(in, or 1 (k*i.I ditlertuices in t(‘m]M‘rature, 
or again owing to .stray curn'iits from external sources) corrosion 
should oncii commence, it will proci'ed aj>ace. For when once 
metallic copju*r and cujirie .salts have app(‘are{l in tlu' corrosion 
product, oj)j)ortuiutie.s for corro.sion eoujdes of the t yjie 

Brass j NaC'l | OuClj | (’oj)j)er 

exist. Tlu' bra.ss will functi»»n as anode, and the co])per as cathode. 
At the anode, zinc will pass into solution ; at th(‘ cathodi', cupric 
chloride will act like the cupric sulphate in a Daniell cell, being 
redut'cd citing ti> metallic (‘opper (hence the jire.scnce of “ secondary ” 
copper in the; corrosion ]jroduct). or to cujmius chloridi* ; the 
cuprous chloride will then be re(»\idiz<‘d by the dissolved oxygen to 
cujvric chlorid<‘, and thus the ju’oce.ss will contirue indcHnitely.^ 
It i.> 1 tear that wIkui (nice corrosion has eommimced, at a ])oint, it is 
liludy to continue th<’re even if the agmicy whicli originally caused 
it to commence* is removed. 

It is jio.ssible that wIutc the foreign substanci* which entcTs a 
condenser tube is a conducting substance, lik(^ coke* or iron scale, 
it may serve as tin* cathodic niemb(*r of a corrosion couple - ; but 
it is likely that the mnin reason wh) •f(»reign particles favour corro- 
.sion is that they eaiisi* the retention of basac eo])p('r .salts '*1 the 
tube. ^ 

The electndytic yirotection system (see Thajiter XIV, Vol. has 
been installed in the condensers of inan^’ xessels, and is stated to 
give fairly good results, at any rate* in condensers whicli iaive .diown 
a special tendency to corrosion near tlu* ends of the tunes. It^loes 
not always afford jirotection to the middle of the tubes, and it has 

^ Both W. Ramsay, En{jinferin{j, 104 (1017), 44, ami E. B. Story, Met, 
Ohem. Eng, 17 (1917), 653, have e^xpnjssed viftfrs of brass -corrosion with 
which the present writer Tufls much to agree. Tlic views of F. won WursUmi- 
berger, Zeiisrh. MeIhUkuudr, 1 % (1922), 23, 59, ore essiintially not very differ- 
ent from those expressed m this book, but the tormH "selective corrosion " 
and " dezmcifici^lon ’’ aix^ used iif a rather different sense to that in which 
they ore eraploytHl by English writers. The views of J. II. Reedy and B. 
Feuer, J. Ind, Eng. them. 12 (1920), ,'>41, ari^less easy to accept. • 

* A. PhUip, J. InsLmMet^ 12 (1914), 13,3. 
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usually failed to arrest decay in tubes wh#re corrosJbn had started 
bpforo the process was installed.^ . . 

The corrosion of a/9-brass takes place mord readily than that of 
a-bruss, and the zinc-rich /9,-constituei#t (which may bo an a-y- 
complox) is always firJ^t attacked, its pLice brtng taken by a mass of 
porous copper. “ Dozincific^tion ” of | Muntz metal article exposed 
to sea-water often converts it to a reddish material resembling poor 
copper ; the article retains its original form, but becomes so weak 
that it can bo cut with a knif#.- 1'he addition of lead (2 per cent.) 
or tin (I per cent.) to a/?-braHs(‘s is very eonnnon, on account of tko 
comparatively resistant ([ualities of brass containing these metals. 



V’la. M, — 'I'lio (Hoycock uikJ Nevilk*). 

rt 

Copper-tin Alloys* (Bronzes). The (^(piilibrium diagram of tho 
coi)por-tin alloys, as obtained by H(‘ycock and Neville,^ is shown m 


'Compare G. B. Alien, Met. 24 (1 020), 292. 

• H.'S. Rftwclon, J. Amer, Inst, Met. II (1917-18), 148. Sco also examples 
given by S. Whyte, J. Inst. Met. 13 (1916), 87, ami by L. Bclladen.^C/azeWo, 
61 (1921), ii,-144. 

• C. T. Heycock and F. H. Neville, Proc. i?oy. Soc. 69 (1901), 320; Phil. 

Trans. 202‘[A1 (1904), 1. Compare E. S. Shepherd and E. Blough, J. Phys, 
Chern. 10 (1906), 630. Other diagrams have been put forward by other 
workers, llie different ohagrams are reproduced, and compared by J, L. 
Haughton, J. Inst, Met. 13 (1915), 22^ 25 (1921)^,309, who has carried out 
extensive fresh researches on tho subject, 'l^eso confiru. tho work of Hey- 
cock and Neville in innny respects, but suggest, certain modifications — 
mainly affecting the alloys eomparativelj rich in tin, whilh are of no com- 
mercial imiHirtance. It should bo noticed that tho solid solutions which 
HeycQck and Neville call " H ” aro^ called “c” by hjjttT writers (Including 
Haughton). ' ^ ,> • 
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Fig. 11, whilst Fig. 12 indicat^^s the most iiiiixjrtaiit of the modili- 
catic^s projx>Red reoehtly by Haughtoii. The diagram recalls that 
of the co})per-zinGi alloys, but is mor(‘ complicated. At ordinary 
temp{‘ratiircs, alhns ffuitairuig l(‘.ss than about 8 jxt cent, of tin 
consist of a single solid soluj.on (o-brass). Rcyond this point (the 
exact position of which is .still a matter of disagreement) the alloys 
l)ecome heterogeneous, ami contain, in addition tr) the rt-solutjon, 
a second component, the (!)-s<>lutie..» , alloys consisting of an 
a<5-complex undergo a transformation at 500' C., analogous to the 
transformat inn in brass at 470 (' . and abov(^ that temperature 
we may obtain an o/?-eom]»le\ The d-solutions are often regarded 
as being deriverl from a (h'linite compound CU|Sn. The a-solutions 
are yellow aiid red. whilst the d-soli.t ions an* whit(‘ : I he /9-solutions 
are also whiti*. but may b(‘ distinguislu'd in miero-seetions both 
from the a- and f)-solutions by the fact that tlu'V are darkiuied by 



Fio. 12. — Tli(' Coppor-Tin. Jfnuglifon’s Diagram, sliglitly 

siinpliliet’? 

treatment with an aeidifKal solution of ferric chloride. On aceoi^ut 
o^ the colour of the o-soiutions, bronzes containing less than ajxmt 
30 per cent, of tin have a yellow' or red tinge; tliohc with uioii^ 
tin are white or grey. The meehanii arprojicrties o{ 1iU‘ various 
solutions also prcsimt difTcrenees ; Ihi' «-solution is inalleitPle, 
whilst ‘the (5-solution is hard, strong, but rather brittle, llio 
structure of the alloys, which depends considerably on the heat 
treatment, is very interesting, and is best studied by refcTtmce to 
the beautiful micro-photographs^of Heycoeftr and Neville. 

As in the case (jf tlurbrasse.s, ru'arly all the technically imjKirtant 
alloys are those relatively rich in eopjier. The alloys with 4-10 
per cent, of tfi are usol in* machinery, although most of the 
technically employed gun-metals and bronzes contain a Jhird 
element, as will be ^:y)lained below. An increase in the tiu-content 
causes an irtcrease ifc tensile strength and Hardness, but tends to 
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raake the alloy brittle. When the tin-content reaches ^9-28 per 
cent., the amount of the hard ^-constituent in fhe bronzes is sufficient 
to make the alloys too brittle for any tncchank^al purpose ; such 
material can undergo* a certain amouat of toastie deformation, but 
cannot accommodate itself fo a suddcli blow by local plastic defor- 
mation ; if stressed beyond the elastic limit, the material at once 
fractures. These properties— although rendering the alloys useless 
for stnictural jmrposes— are fist what is required for the production 
of bells and gongs, which must Ix^ capabh* of performing “ elas*tic 
oscillations ” of considerable amplitude without sufTering permanent 
change of sha])e. Hence iilloys of this composition are used as 
“ bell-metal.” In order to obtain bell-metal ^n its hard, brittle 
and sonorous condition, it miMd be slowly cooled. Above about 
50()^'('., as is shown by the diagram, the ^-lionstituent ceases to 
exist, and if bell-metal be (pK'iiehi'd from above this temperature, 
its properties ari; (piite dilTi'rent ; it is thi'ii a])preeiably malleable, 
and not sonorous. 

The only alloy of any ])raetieal importance containing more tin 
than bell-metal, is an alloy with .‘111 p(T cent, of tin, which is very 
hard and white and takes a brilliant iiolish. It was fornuTly 
employed in the making of ndleetors for telescopes and other 
optical instruip^its under the name of “ speculum imdal." 

Phosphor-bronzes. The introduction of small amounts of 
phosphorus into broijze is usually (‘fleeted by the addition of a 
“ phosphor-copper ” (copper with 10-15 per c(mt. of pliosphorus), 
or “ phosphor-tin,” to the molten bronze. Phosphorus in very 
small ([uantities merely acts as a deoxidiziT, incn'asing the sound- 
ness, of the bronze, and presenting the inter-granular brittleness 
which is associated with the pr(‘8(‘nce of cuprous oxide. If the 
a/loy is to be rolhsl or worked, the additiop of excess of phosphorus 
should generally be avoiih'd, since it would nxluee the malleability. 
If, however,, the bronze is intended for easting, and esp('cially for 
the production of machinery parts which have to withstand ‘ wear,” 
the presence of excess of phospliorus is highly beneficiaj, as it 
greatly increases the hardness antj resistance to abrasion. The 
good WTiiring qualities of phosphor-bronze are commonly ascribed 
to hard particles of copper phosphide (Cu ,?) set in a comparatively 
plastic matrix. The imosphido particles can be re<!ognized in a 
heat-tinted section, ,-under the microscope, by thedblue colour which 
they assume. 

The approximate composition of some of the pliosphor-bronzes 
used for different purpose's is suggested below.^ It will be noticed 
that ,bouh the tin-coptepl and phqsphoris-centent are increased, 
when greater hardness is demanded. 
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Bolts, springs, scree’s, wire, 

Tin.' Phosphorus. 

Copper, 


• 

• 

•rods, tybes . 

< 

()•!% 

95-96% 

Pinions, valvos, •steam and 
boiler fittings, pumps 


0-2% 

' 93% 

Axle-bearings. , slide-valves, 
bushes, cog-wbcels 

8-12% 

0-7 to 1-2% 

87-91 


AlthfMigh its coiuluctivit y is mu/h less than that of cnjipor, 
phosphor-lironzc is used for telegrapli wires and similar purposes, 
since the high ttmsilc strength allows a considerahly longer “ span ” 
than is possible with jmre eo})per. 

Zinc Bronzes.^ Many kinds of bron/js especially those U8(xl 
for casting, contain ^im; as well as tin. Amongst other elTeets, the 
presence of ziiK* adds iliiidity to the molten bronze. 'I'ln^ so-ealled 
“ Admiralty gun-nu'tal ” (no longer used for guns) is an alloy of 
this eharaet(T, and contains 

(V>p|)er. 88'b, ; Tin, ; Zinc, 2'’,,, 

Anr)ther gun rnettil in common use contains:' 

Copper. 8r>% ; Tin, ; Zinc, 10^\',. 

CH.st gun-metal (esp(*cially when “ chill-east ’') generally shows a 
cored structun* ; but annealing remoses the eorri^, and produces a 
polygonal structure comparable to that of a-brass and containing 
numerous twin-bands.2 

On account of the comparative case with which gun-metal can 
be cast, it is often used in mfichincry where a casting is required 
at short notice and wliere it would oc(;upy too inu(!h time to make a 
steel casting, 'the bronzes, howe\er. lose a great deal of« their 
strength at high temperatures, and they ajio being replaced more 
and more by metals end alloys which remain strong when ^it, 
and which in sonu* cases are more re-istant to shock than gun-metal. 
Steel, Monel metal, and aluminium broiw.e are all iiovuuH(‘din many 
places w^here bronze was at one time Iwked upon as the best nta burial, 
in spite of the manufacturing difllculties met with in all three 
cases.® 

* For stnicturo and effect of heat -treatment aiwl annealing, C. P. Karr 

and H. 8. Rawdon, Bur. Standards, Tccff.*fhipprn, 59 and 60 (1016); 
.1, Amott, Foxindru ,/. 23 (1921), 2. For inflnenco of iinpuritiei* seo 

F. Johnson, J. InA. Mei. 20 t’018), 167 ; the question of the influence of load 
is further discussed by 11. T. Rolfo, J. Inti. Met. 26 (1921), 85. The question 
of the best caSfing tempcrottiro lls considered by H. C. H. Carpenter and 
C. F. Elam, J. Initt. Met. 19 (1918), 155. 

* See also O. Smalley, J. 8oc. ChertH Tnd. 32 (1918) 194t. • 

‘ See Sir H. J. Oro«, J.Jnst. Met. 11 (J914), 26 ; Sir 0. Goodyin, J. /n< 
Ma. 23 (1920), 66. # ‘ • 
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For the so-called “copper” coinage, a bronze with 

• • . * * 

Copper, 95%; Tin, 4%; Zinc, 1 % ^ * 

has long i)cen used i^ the country ; it sho\^'s wondrrful resistance 
to wear. For casting statuary, a ve^^ fluid bronze is demanded, 
and the zinc-content is often increased ; th(? presence of load is 
favoured as it is thought to produce an attractive “ patina ” or 
oxi4ation-tint, which appears when the statue is exposed to the 
weather. Statuary bronze generally varies within the limits, * 

Copper, 88 91 % ; Tin, 5 -10%; Zinc, 15%; I^ead, 0-1*5%. 

Plastic Bronzes Containing Lead. Although for many 
mechanical pur])oseH, the presence of h‘ad in bronze is regarded as 
highly detrimental, bronzes cowtaining 4 to ^50 ])er c(‘nt. of lead 
are very useful as Ixuiring-materials. As in the analogous case of 
brass, the greater pjirt of the lead fails to dissolve in the molten 
alloy, and when tlu^ metal has solidified, the structure consists of 
globules of hxid distributed uniformly (under favourable conditions 
of casting) throughout a matrix of bronze. Thus wc have a 
combination of a hard substance and a soft substance, the latter 
conferring a slight plasticity to the material, which - as will be 
explained in coniu'ction with other bearing-alloys-- is desirables in a 
good bearing- ijijterial Some of those “ jflastic bronzes ” also 
contain phosphorus, which increases the hardness of the matrix — 
owing to the presence of copper phosphide ; others contain nickel. 

Copper -aluminium Alloys (Aluminium Bronzes).* Part 
of the equilibrium diagram of the copper-aluminium system is 
shown in Fig. 13. The system is very complicated, but wc can — 
for pur present purpo.so— confine our attention to the alloys 
comparatively rich iiv copper. 

rfMloys with loss than about 10 per cent, of aluminium consist of a 
singly solid solution (a), at least when annealcfl. Those with 10-lB 
per cent, are, heterogeneovs, and contain a- and (5-solutions when 
annealed. But there is a transformation point at 537° C. (analogous 
to tKe transformation points at 500° C. in the bronzes and at 470° C. 
in the brasses), and above 537° C. t^le constitution is different. If 
the alloys are quenched from a temperature above the trans- 
formation point, the structure— and also the hardness — is different 
from that of the alloys annealed at a temperature below it. The 
difference is shown ^by Figs. D and E qf the frontispiece, both of 
which represent an ^lloy with 1 1 per cent, of alumipium ; such an 

» D. Stookdale, J. Inst. Met. 28 (1922), 273 ; H. C. H. Carpenter and C. A. 
Edwards, Proc. Inst. Mech. Eng. (1907), 57 ; B. E. Curry, J. Phys, Chem. 11 
(1907), 425 5 J. H. Andrew, X. Inst. Met. 13 (1915), 84*9 1 J. N. Greenwood, 
J, Ifut Met, 19 (1918), f6, ^ - , 

I 
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alloy consists at 750° C. entirely of ^-solution, but if cooled just 
below 537" C. and anneflled, rounded crystals of d-solution separate, 
which are sho\^n in J'ig. D, §et in a ground-mass of the o( 5 -eutectoid. 
This transfoniiLtion' if not^ j)r(‘vpnted — is at least modified by 
quenching, just tvs the A 1,3 clifhige in steed is modified by quenching. 


Temp- 



Fio. 13. — The System Copper- Aluraiiiiuni. Diagram based on the work of 
Carpenter, Edwards, Curry, Andrew, Greenygod, and Stockilale. 


The structure of the quenched alloy shown in Fjg. E is “ acicular,” 
comparable tojthe “’martensitic” structure of quenched steel. 
The analogy between the behaviour of steels and aluminium bronzes 
is interesting, but one difference shc»uld bfe noted ; quenched ^teel 
is almost iny^ariably^ardcr thaw slowly jo^led steel, whbreas in 
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^alloys of copper and aluminium, the hardness of samples quenched 
from above the transformation point is ^ften* lower than those 
cooled from below the transformation point. ^ • * 

The aluminium -copper alloy winch i^ most •commonly used 
contains about 10 per cent, of aluminium. It is a golden-yellow 
material, which is wonderfully resistant to atmf>spheric corrosion. 
Aluminium bronze has about twice the tensile strength of tin bronze 
and shows better n'sistance to shock : it is displacing tin bronze 
for many purjKKses. Owing to the considerable shrinkage,* the 
casting of aluminium bronze pre.sentH many difliculties ; but, 
nevertheless, tlie use of the alloy, in tlu‘ east as well as the rolled 
forms, is (\\tending.“ Aluminium brr)nze luis been adopted in 
France for coinage purpose's.'’ 

The alloys us(‘d for di(i-ca.stings often contain iron in (juantities 
up to T) p(‘r (‘cnt. ’Flu* iron is very beneliefial, lendering the alloy 
fine-grained, just as in tiui casc! of the addition of iron to brass. 
Very small (juantities, such as exist in solid solution, do not affect 
the grain-size, atlJiougli tlu'y incri'ase the* tensih* strength. But, if 
the iron is pirsent in sutlicient concentration to involve the ])resence 
of a secotul |)has(‘, the minute* particles act ns nuclei for crystalliza- 
tion and the* alloy tends to be* much more fine-grained than would 
otherwise be tlie case. 

An alloy cftttiiaining 02 ])er (*ent. aluminium, 7 per cent, copper 
and 1 per cent, manganese has also been recommended for die 
castings.'* t 

* Tlio variation of the^ hnrdncsH witle thf' composition and qnonnhing tern- 
jMn'aturo Inia be'cn e‘\aininod by .1. N. (troe'mvood, J. Inst. Mvt. 19 (1918), 55. 
Se>o (\H|)o<‘ial)y tiguros ot» pages IW an<l 111. See also the work of A. A. Head 
amt R. H. (Jre'aves, ,/. Inst, Met. 26 ( 1921), 57, on tho ternary tilloys of nickol, 
aliiinnuurn and (•(•pjht# soino of winch urtj much softer when quenched from 
A0e)° (\ thaei ^\h('n annealed. 

nV. M. Cove, Met. ('hem, Kng. 20 (1919), *102; " C.V.” Machinmj.n 
(19<9), t)5(). , 

” Engineer^ 134 (1922), 1^. 

* A. Livermore, Met. In\l. 18 (1921), 109. 
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.SILVER 

AtJ uic weight . . .• 107-88 

The Metal 

Silver falls iininediately below (-opper in the periodic scheme, 
and a certain analogy may he traced hetwe(‘n the properti(‘S of the 
two metals. In tlw* compact state, it iA a white metal capable of 
taking a brilliant polish, ^'he “ unite ” appearance of silver shows 
thaL- unlike cojiper *1110 metal reffects almost ecpially well light 
of all wave-lengths t.) which th(‘ (ye is simsitive. The shorter 
(violet) rays seem, boua-ver, to be rellect(‘d slightly It'ss completely 
than the longer rays, since light whicli has been n‘]H‘at(‘dIy reflected 
at a silver surface has a perceptible yellow colour. Likewise silver 
is almost ecpially t>j-a(jU(‘ to light of all the wave lengths within the 
visible jiortion of the spectrum ; outside- th(‘ visilile range, however, 
selective- absorption doe-s occur, silver being fairly transpare-nt to 
ultra violet light of certain wave-lengths.^ * 

Sil\(T is harder than coppe-r, but re-sembles it ir.^-ing malleable 
and ductile ; ve-ry thin silver le-af and line silver wire- can be obtained. 
It is a ve-ry good conductor of heat and ele-c|ricity ; in fact, silver 
and copper surpass all cMier substances in this n-sjx-ct. Silver 
melts at a fairly high tem})eiature, 9(52 slightly lowe-r than the^ 
melting-point ed cop])er. It is distinctly volatile at high te-mjier- 
atures, and can in fact be purified by distillation at the- tcmjxT^lture^ 
of the oxy-hydrogen blow -pipe. »Silver is ke-aviei than cojiper, 
tl^e specific gravity being 10T>. • 

The metal crystallizes in the cubic system ; native- silveM- is 
occasionally found in extahedra. The^vfioms liave hvm showm, by 
the X-ray method, to be arranged- - in silver, as in coppe-r- on a 
face-centred cubic lattice.- The external crystalline fori)' of 
silver is not infreejuently obse*\’ed in the metallic deposit formed 
when a solution of silver nitrate is e-Iectrejlysed, if the conditions 
are such that the crystals formed at diffe-reyj jioints on the cathode 
do not “ grow into one^another ’• and thus interfere mutually with 
the free developifient. Bi#t even under favoumhle circumstances 
there is a marked tendency towards arborescent or mossy growths, 
duo to the greater development at the corners where the current 

• • • • 

‘ R. W. •Woo4, "Physical Optxs ” (Macmillan)* , 

L. Vejfird, Phil. Mig. 31 (191^)^83. 
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density is highest, or where the supply of silver ions in the solution 
'is most readily feplenishcd. The eonditionH which ^avopr the 
development at the cathode of a small ivnnher of largt^ sih^er crystals 
(as opposed to a h^ge niimlxT of suiall crystals )*are a high con- 
centration of silver nitrate, a low cin-rent densitv and the absence 
of free acid.^ • ^ 

8ilv(T stands rather at the “ noble ” end of the Potential Series, « 
and it is not surprising to find that the nudal is remarkably stable 
towards coiTosive agents, Jt retains its brightness indefinitely in 
ordinary damp air, although it is su])erficially blackened by air 
containing tracers of liydrogcn sulplndc^- a fact whicli suggests that 
silver has a greater affinity for sulphur than for f)xyg(‘n, as is indeed 
the case ; it is worthy of note that pure hydrogen sulphide in the 
absence of air do(‘s not darkcui silver.- Tlfi‘ metal is unattaeked 
by non-oxidizing acids, but dissolves in hot1*oneentrafed sulphuric 
acid with evolution of sulphur dioxufi', and also in nitric acid ; the 
action of nitric acid is greatly aeca'lerated b\ th(' }ir(‘S('nee of nitrous 
aoid“ as in the ease of eo])])er.'‘ 

Although solid silver even when heated withstands the action 
of oxygen, molbm silver has a distinct solviait action u|)on the gas. 
When molten silver containing oxygen is cook'd, thc' gas is given 
off rather violently at the moment of solidification ; the sudden 
evolution of gHl^nay aetually cause })arti(*Ies of silver to be shot, out 
from the siirfaee of tlu' inet-^il ; the jdienonu'uon, which is ktiown as 
“ spitting,” has been •.})tly fleseribed as thc “ ('ru])tion of a miniature 
volcano.” The sudden spitting is accompanied by evolution of 
light ; production of light is commonly attributed to the sharp rise 
of temperature which may pecuir at the moment of solidification 
wh«n the silver has been super cooled, but it is probably due to 
another cause ; many crystals, such as sugar and uranium nitrate, 
(^nit light when crushed in the dark, evenuit low temperatures, and 
it «>ems lik('ly that the lumiseence of solidifying silver is of the 
same character.'* * , 

'^’Ifo solubility of oxygen in molten silver is proportional to the 
square root of the pressure, a fact which shows that oxygeif cannot 
be dissolved as diatomic molecules,* but is either dissolved as single 
oxygen atoms or as molecules of silver oxide (AggO).^ It seems 

‘ See A. II. W. Aton osvet L. M. Booflage, /fcr. Trav. Chim. 39 (1920), 720, 
who discuss tho various factors that govern crystal -size in an electrolytic 
deposit. « t * 

^F. L. Hahn, ZeitSch, Anorg. Chem. 99 (1917H 118. 

*V. H. Veley, J. Soc. Chem. Ind. 16 (1891), 204. ' 

* W. C. McC. Lewis, “ System of Physical Chemistry,” Vol. II, p. 407 

(1920 edition). (Lougman-s^ Green.) , 

* F. G. Donnan and T. W. A. Shaw, J, So(^ Chim. I rid. 29 (1910), 987. 

See aljo \V. Stolil, Chem Sieit. 39 (1^3-;, 885. f • 

k 
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very probable th^t this oxide, although unstable in the pure state, 
can exist ki dilute solution in molten silver. WJien molten silver • 
containing silver oxide *is cooled down, crystallization occurs in a 
manner similar to the crystallization of molten copper containing 
(iuprous oxide. In both*cases|thc crystiijlites ot niotal that appear 
are free from oxy^^en, and the oxides tend to.heeonie concentrated 
in the still liquid portions. But, in the case of silver, the solution 
• of the oxide will clearly become more unstable as it becomes more 
concentrated. If the cooling is slow, it is probable that oxygen* 
m\\ be given off from the still liquid portion as the concentration 
increases, and by the time the whole is solid, the metal is fn^e from 
gas ; it is noteworthy that if tlu* cooling is very slow, the elimination 
of oxygen is conductc'd without serious sjnirting.^ On the otlier 
hand, if the cooling ra])id, therc^ is v(*ry serious over-cooling 
of the silver ; both the solidification and aceom]ianying gas-jiro- 
duction arc practically instantaneous, an<l the sjiitting out of 
portions of the solidifying silvii* is by no means surprising. 

Cohen and Helderman - have stated that ordinary conqiact silver 
contains “ at h'ast tbr(‘(‘ allotropes.” d'his view is based on 
certain slight density changes which occur ^\hen siher is annealed. 
They are probably merely ordinary casiss of ri'crystallization after 
cold- work. ♦ 

Laboratory Preparation of Different Forms c4^ilver. 'Phe 
position of silver in the Potential Series indicates that it is a metal 
very easy to prepare from its comjiounds. l^\^the action of almost 
any reactive metal, such as zinc, upon a solution of a silver salt, 
metallic silver is obtained. Indeeil many silviT salts dccomjKisc 
spontaneously at high temperatures with the jiroduetion of the 
metal ; thus black sjiongy silver ma} la* prejianal by lioating^he 
nitrat<", carbonate, or oxide. In some eases the deeompositio.> is 
accompanied by the c\dli]tion of .so much h(*at as to amount to aH 
explosion. • 

' Metallic silver is also e(»nveniently ohlayu'd 1>\ thi' ( Wctrolysti ot 
an aqueous salt solution. 'I’he elei trolysis • if a solution of 1 he nitrate 
acidified with nitric acid gives sih cr in a ruggial crystallme form, 
which will often requin? rcmdtjng hefon? it is put t<i use. If a 
compact shining layer of limited thickness is required, a hatb of 
potassium silver cyanide (which w ill he discu^sHi'd in the sedion on 
electro-plating) can beyised. • 

Where pure sihtr is to hi* made from an im^mre salt, it is best 

* C. V, Boys, 'frans. Faraday Sor. 14 (1919), 227. Compare Sir T. K. 
Roue, p. 244, and R. E. Slade, p. 248. 

* W. D. Helderman, Inst. Met. 16 \1916), 84. See, however, criii<^m 

by W, Bosenh^ (p. 108), »«d by C, H. Do^,(p. 114). • ^ 
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to precipitate it as insoluble chloride by ihoans of hydrochloric acid, 
•and after washing^the precipitate to treat it \vith*zinc an*! sulphuric 
acid, a dark precipitate of silver being obtained^ This can be 
washed, and melted under a borax flu^ to givd the compact metal. 
If necessary tlu^ sifvcT cap l)e redisfolvecfin nitric acid, and the 
whole purification process r(‘peated. / 

Colloidal Silver. By the action of different reducing agents 
such as stannous salts, hydrazine, hydroxylamine, tannin, tartaric 
acid, ])yrogallol, formalin, citric acid, dextrin, or phosphorus, 
upon different silver salts, silver is pr(‘cipitat(‘d in various colloidal 
forms. 1'he colour of the ])roduct varies with the method of 
preparation ; diffen'nt workers ^ have he(“n able to pre})are grey, 
blue, gold, red, green, black, white and yc'llow forms of silver, some 
of the colours being remarkably l)right. Maay of these preparations 
contained organic matter and others eoKtained residual silver 
comt)ounds. The different forms havc^ oe(‘asionally been styled 
“ allotropie modifications” of silver, but there is no object in 
applying the words “ allotropy ” to sucli cases. 

There is little doubt but that the remarkable variation in the 
colour of colloidal solutions of silver is largely due to variation in 
the size of tlu‘ partich's obtaine<l under different conditions. Becent 
researches “ have shown that it is possible to obtain a series of 
“sols” with ^u'ticles of varying size, which display a gradual 
change of colour as the particle-size is increased. 'Phe sols having 
the smalksst particlinl^O////) are oranges when vit^wed by transmitted 
light; tluMice we pass through red (IH)////), pur])le and 

blue-violet (l37/</() to bluish-green (180////). The connection 
between tlu* eolour and the^ size of the partichss agrees with that 
whrdi would b(^ pr(‘di(d.ed from oj)tical theory. 

A comparativt'ly stable colloidal soluti/m of silver is obtained by 
f^arming a .solution of silver nitrate containing sodium protalbinate, 
w'hkjh acts both as a n'ducing agent and also as a protective colloid.** 
The solution can be purifi(;d by dialysis and is y(‘llowi.sh -brown in 
colour. Fairly stable “ sols ” can also be obtained by the use of 
gelatine as protective colloid, hydrazine hydrate being .used as 
reducing agent ; these are brown (ir red by transmitted light, but 
the scatlertnl light has a greenish hue.** Colloidal solutions of 
silver can be prepared by Bredig’s method, namely, by passing an 

iM. Carey Lea, Mag. 31 (1891). 238, 320, 4h7 ; 32 (1891), 337 ? 
J. C. Blake, Zeitsch. Amrg. Chem. 37 (1^03), 243. Cornptjre F. E. Gallagher,. 
J. Phys. Chem. 10 (1906), 701. 

• K. Schaiim and H. Long, KoU. Zeitwh. 28 (1921), 243. 

Paal. Ber. 35 (1902S 2224. 

• Outbier, J. Huber a^d A\ Zweij'l^. KoUt Zeitich. 30 (1922), 306. 
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arc between two Silver wirls submerged in water ; these are more 
unstabl*^ ^ 

Compounds 

Only one class ^of silver eumpoimds *s known ]>oss('>sing any 
degree of stability, narnc'ly, thost‘ in which the metal is monovah'nt. 
iTKey can be regarded as d(‘nved from the oxide Agd) ; (he salts, 
such as AgCl and Ag aSO,, are thus analogous in composition to thr 
CMprous salts (CuOl and CiioSO,), and are closely akin to them in 
properties. 

Silver oxide, Ag A), being distinctly unstable, cannot be pre])ared 
by the direct combintition of the elements. It may 1 k‘ produced as a 
precipitate in the wet w'ay, l)y the ;\^ldition of sodium hydroxide 
to a silver salt soliitmn. It w'ill hv nunemlMued that, in tlu* 
analogous case of cop])ef, a “ hydroxide " is lirst precij)itated under 
these conditions, but that this loses part of the combined water on 
merely heating it in the solution, and changes colour jict'ordingly. 
In the case of silver the tcuuhmcy to lose water, which is character- 
istic of metals of (irou[) In, is still more marki*d. for the black 
precipitate obtained by the action of caustic alkalis on silver salts 
does not, even at low' temp(‘ratures, serm to contain aj^y apj)reciable! 
rpiantity of combined water. Thus if any hydroxi^' (AgOH) is 
first formed, it must at onc<‘ los(‘ jmietically the whole of the water 
yielding the anhydrous oxide (Ag^O). 

Silver oxide is a brown |)r(*(*ipitate. which aftpears almost black 
when dry. Althougli difliujlt to produce in crystals of any size, 
X-ray examination of the [)ow(h*ry form shows that tlu' atoms are 
arranged in definite crystal array, and i»* tin* same maniuT as in the 
crystals of the analogous oxide of coj)pcr ((’uAMA Silver oxitle 
dissolves in acids, yielding tlu^ salts of silver! When h(‘atc*d at^ 
250« C., silver oxide dtTom]>o.s(*s into its (*l(*inents , it loses a certain 
amount of oxygen when (‘X])o.sed to ligiit at ordinary tfunpiTatur^s, 
iKJComing — it is stated rather blacker in f*olour. It i^i feduce^l to 
the metallic state by heating at I(K) C. in a curn nt of hydrogen. 

Salts.* The salts of silver, in contrast witli those wf copp' j-, 
are, for the mo.st i)art. ('olourleSs. The comparative absence 
colour in silver and silver compv)unds is quiU' in accordance with the 
fact that silver has an almost iinchpgeable woikmcy ; any selwtive 
absorption of light which is caused by silver comi)ound8 lies- in 
most cases — l)eyon(f the^rangT^ of the visible spectrum, although in 
silver iodide it efttends into the* visible blu(5 region, and the salt 
has consequently a yellow colour. ^ ^ 

i R. W. G. Wyok#flf, Arj^e^. J. S$i, 3,(1922), 184. 
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The most striking feature of silver salts is the fnanner in which 
‘they suffer decon^osition when exposed to simlight, especially in 
the presence of organic matter; this matter will ^ bo referred to 
again in the section on photography. Silver salts are usually 
preserved in bottles of yellow blown Jjlass wfcich absorbs the 
active rays. On account of their action on organic matter silver 
salts have notable caustic j)roperties. They blacken the skij^ 
precipitating linely-divided silver upon it. 

The soluble salts of silver may be obtained by the actiop of 
acids on the oxide ; the sulphate and nitrate may be formed by the 
oxidizing acti(jn of the acids on the metal. The nitrate, AgNOg, 
is the most important salt of silver, as w'cll as one of the most 
soluble ; it crystallizes in colourh'ss rhombic plates. The sulphate 
is much less soluble, and is*mo.st conven^mtly prepared by the 
action of fairly dilute sulplmric acid, in the presence of an oxidizing 
agent such as hydrogiui ])eroxide, upon the metal, lliese salts 
are both easily reduced to the metallic state by organic matter, 
especially in tlie presence of light. The mere access of laboratory 
dust to a bottle containing them is sutHeient to cause a blackening 
of the salts, duo to the formation of metallic silver. 

The insoluble salts of silver may be obtained most conveniently 
by precipitation from the soluble salts. The chloride, bromide, 
and iodide lihe the corresponding cuprous compounds, highly 
insoluble substances, the solubility being greatest in the case of the 
chloride and least ii^tho (‘ase of the iodide. Like tlie cuprous salts, 
the silver halides darken in the light ; the nature of this change 
will bo discussed later. Silver chloride is a white curdling pre- 
cipitate obtaiiu'd by the action of almost any soluble chloride upon 
a jolution of silver nitrate dr sulphate. It is comparatively soluble 
in excess of concentrated sodium chloride solution. The bromide 
fis faintly yellow, whereas the iodide is distinctly yellow ; both are 
ol^tained in analogous ways. The tendency of these precipitates to 
curdle is very characteristic of the silver halides. When first the 
precipitating solution is added to the silver salt solution, an ordinary 
diffuse precipitate is formed. On shaking or heating the liquid, 
however, ‘the mass coagulates together, leaving the solution free 
from pwceptible suspended matter, but showing a faint opalescence. 

The halogen compounds of silver melt at a low temperatime, 
without decompositibb, solidifying to a horny mass. 

Other insoluble salts of silver include tRe ph^^sphates, carbonate, 
chromate and arslbnite. They be obtained by precipitation in 
the usual manner. The phosphates (of which several are known) 
aud the carbonate arp yellow or white precipitates, darkening in 
sunhght ; the chromate and a|*senitc^ aremeddish- Wwn. Silver 
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thiocyanate is a white curdling prc‘oipitai(‘ fornu'd by the action of 
aminonid«\i thiocyanate on a soluble silver Sidt^ Silver ‘sulphide 
is obtained by the action of sulphuretted hydrogen on a silver salt 
solution ; it. is fy brbwn pn^initate, slowly db'oived by nitric ai^id 
with the formation of sulplilr. 

Another impo* ant salt is the nitritey '^hieh is obtainiHl by 
mixing together warm concentrated solutions of silvi^r nitrate and 
potassium nitrite. Th«‘ silver nitrite s(‘parates on cooling as. a 
cry^stalline pri^cijiitate. It decomposes less readily <»n storage 
than the otluT nitrit(‘s, and is consequently useful in tlie jinqiaraiion 
of pure sodium nitrite. 

Complex Salt^ of Silver. tin* addition of iiotassiiim 
cyanide to a silver nitrati' solution a wliili* pH^eipitate of silver 
cyanide is at first formed. If, howe\er, I'xcess of potassium cyanide 
be added, th(‘ ])r(‘cipiiate redi.s.soI\(‘s, the .soluhh' donhle cyanide 
KCN.AgCN ()!• K[Ag(('N)J iicing formed Mbis is a com])1(‘X salt, 
and ionizes in tlu^ manner indicated liy the formula K[Ag(CN)J. 
'rhe concentration of silver cat i( ms in the solution is so low that 
the addition of a .'.oluhle chloride dot's not j)ro(lijc(' a |»n‘eipi- 
tate. 

Sinet', in tin' pre.scnee of ext'c.ss of potassium ey/wiide, silvt'r is 
eouM rltsl to a form which can exist in solution cm'U in tin* ])res('nee 
of iom/ed cliloridcs. it follows that ])otas.sinin cyanide, added to a 
Holiition in w'hich silvi'r cliloride has bet'ii pna ijiitatcd. will dissolve 
the jirecipitatc ; in tin* .saint' way it acts a^ a solvent for silver 
bromide and iodidt* 

Other salts which cauM' tlit' formation of comjilcx ions may 
exert a solvent a< tion upon the silvt r Iwilidcs , for instance, sodium 
thiosulphate Xa^SAfi "ill dissolve th< cldonde and bromit^* of 
silver, and, to a Ies.ser extent, tht* more spaiTingly soluble iodide. 
Apparently complt'x .sodium silver thiosulphates, such as 
2Najj»S203.AgjS/)j 2H^O or Xa^fAg.pS/)^)^ 2U ^O, which ctaifain 
the .silvei in the anion, art' piodiiced. Anotlu'r subsfuuce wbich 
will di.ssolve the silver chloride, as well as silver oxidi', is ammoma ; 
this reagent has only a slight solvent action iijion tin- b-omido and 
iodide. 

A complex nitrite can be produced t'ltxjtrolytically in a divided 
cell containing sodium nitrite solution in tivi anode comjiartraent 
and fitted with a siher anode. Vhe anode beeomt's covered with 
a crust consisting mainly of nearly colourless silver nitrite (AgNOg) 
mixed with a fwuall amount of fint'ly-divided silver ; after some 
hours, this crust begins to interfere with the pa-ssage of the current. 
Meanwhile the solution surrounding the a^iode has liecorac bright 

M.C.— VOL.*IV. 0 
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yellow, and from it a complex salt, Na[Aj(N02)2], can bei^lated in 
^bright yellow crystals. ^ ^ 

Silver Peroxide and Derivatives^. Althougli no well-defined 
stable compounds ^‘orresponding to the cp])ric sajts exist, certain 
bodies containing silver in a higher^state of oxidation have been 
prepared. Whciii a solution of silver nitrate is el/ctrolysed between 
platinum electrode's, under such conditions that the anodic cuirefit 
density is fairly high, not only is metallic silver precipitated at the 
cathode, but a black compound of silver k formed u])on the an«de. 
This body, once con.sidered to bo a peroxide*, has been shown 
invariably to contain nitrate. Many views have been expressed 
as to its ediaraester, anel the ce)mj)ositioii appe*ars to vary with 
the conditions It is neiw gene‘rally as.signcd the formula 
SAggO^.AgNOa. By tre*atnieht with water’at i)()-80 (\ for some 
days, the silver nitrate may be re'inove'el, part e>f the oxyge'u also 
being leist ; in this way a black eixiele*, said to have the ce)mposition 
AgO, is arrive^d at.'* 'riie eixiele wlu'U elissol\e*d in concentrated 
nitric e)r sulphiirie' ae*iel, yi(‘lels a brown liepiid, but it lose's oxygen 
on dilution. 

A })ere)xiele eir mixture ed peroxide's of silver can also lie oljtaincd 
by the actie)n ed potassium ]M*rs\il})hate e)n tincly-elivideel silver 
(f)re'pare'd freirn a silver salt by pre'ci])itation with magnesium) ; 
the colour ed llJie silve'r e-hange's from givy to black, anel the ])roduct 
contains more eixyge'ii tban ceu'n'sjKnids to the formula AgO, but 
less than woulel be. inelie-atcel by the formula .■\g.d)|‘‘ 


Analytical 

»^ilvcr elllTers from all edher medals in having a chloriele insoluble 
in water but soluble ,in ammonia. The aelelition of a soluble chleiridc 
tio a silver salt solutkm brings down thy \vliole cd the silver as a 
cupdling white precipitate ; me'rcury and le'ael may also be threnvn 
down, if ppesemt, but, \\h('n the fre*sh pre*cipitatc is treated with 
ammemia, the silve'r alone^" is dissedveel ; it may be reprecipitated 
frdm the filtrate by aeieling nitric acid. 

The quantitative se’paration ed ^ilver from other metals depends 
on its prccipitatiein as chle)riele. In tlie sejiaration from mercury it 
is probably best to precipitate both metals as sulphide, and then to 
treat the precipitate* with fairly 'dilute ni^ic acid, which dissplves 

' F. H. Jeffery. Trans. Faraday Soc. 15^1920), iii, ^0. 

■ Tlio older views are summarized, ^.iid new ifivestig^eions arc described 
by M. J. Brown, Trans. Amer. Electrochem. Soc. JO (1916), 326. See also 
H. C. P. Welwr, Trans. Anur. Electrochem. Soc. 32 (1917), 391. 

*E. Mulder, Rec. Trav. r$»m. 16 (1897). 67; 17^(1898), 129. 

* a I. Higson, Trans. Chem^Soc. M9 (19JM), 2648. 
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the silw sulphide, but leaves the mercury sulphide undissolved. 

Silver U usually weighed as the chloride, a Ihibstance of very 
definite comporitioi^wliich is easy to filter and wash . Alternatively 
silver can be rcduoetl to the metallic form by eh'ctrolysis, and 
weighed directly. A solution of the nitrete in the ])resi‘nco of free 
nitric acid gives on electrolysis between gauzc'-eleetrodes -(for 
iigitance, the “Fischer” or “Sand” apparatus) a crystalline 
deposit of silver ; the solution must lx* used hot, in order to prevent 
the formation of “peroxide” d(‘rivatives on the anode. Much 
smoother de])osits of silver, \\hieh adhere })etter to the cathode, 
are obtaiiu'd if suftieient ])otassiuin cyanide be ])r(‘s(‘nt to form the 
complex eyanid(‘. liVhere salts of other metals als(> occur in the 
solution, care must be takei» that tlu'se art' not prt'cipitated with the 
silver and weighed aloi g with it. In tin* cast' of most metals, this 
can be accomplislied by the adjustment of the catluulic jadential 
within suitable limits ; the ]K>lt‘nfial must be dejircsscd sufliiciently 
to de])osit silver, but not so much as to alhov the ])rccipilation of the 
other metals.^ 

A dry metliod of essaying silver in an ore, th'pending ujion the 
use of molten lead as a collt'ctor t)f the metal, is in comnitm use. 
The ore is hcattd with a mixture t)f h'atl (►xitlt', jitilassium cyanide, 
sodium carbonatt' aiul iron in a cruciblt'. 'J'ht' It'ad anti sih'cr are 
reducotl by the iron to the metallic state and the wbr/,,* of tlu' silvc'r 
is dissolved by the molten lead. On cooling, a button of h*ad is 
found at tlu' bottom (»f the vessel, and this c( ntains all the silvi'r 
present in tin* ore. 

The separation of the silver .uid lead di'pcaids iijion tlu* fact that 
lead is more easily oxidized. The button of lead is jilaced upon a 
“ cujx'l,” a saucer-shajied porous vessel comjiosed of bone-ash, swid 
the cupel is jilaced on the floor of hot inullh^ furnace. IIk' button 
soon melts, and the lead i.« o.xidized by the air to lead oxide, which' 
is largely absorb'd into the substance of the porous cujicl. Wii 
the other hand, the more “noble” silver •remains in the metallic 
state ; it dissolves a littlo'oxygen, but this is given up on eooliiy;. 
The metallic bead left on the eujK»l at the end of the experimej I, 
therefore, consists of lead-free sib er, and may be weighed as sm h 

The volumotrie estimation of silver depends upon the formation 
of the insoluble chloride. The solution in silver-content is 

to be determined is placed in a .stojf]fKTed flask, and sodium chloride 
of known stnmgth ^ added gradually from a bu^'tte. After each 
addition the flask, is stopjx'red and shaken, so as to coagulate the 
silver chloride. When the further addition of sodium chloride gives 

* For details ace A.*’ fischgr, ” Electroaiialytischo SchnoUmetkoden " 
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no fresh (cloudiness to the solution, the analyst knows th^ enough 

* sodium chloride has been added to react ^xaetfy with the silver ; 
it is conse(|uently easy to calculate the quantity silver j^resent. 
A certain amount ]>ractice is iu.‘eii(*d tp enable the observer to 
judge whether a “ cloud ’ •has })een mrmed or not, but the method, 
used by a skilful aimlyst, is extraordinarily a/curatc. 

An alternativtc volunH‘tric method of d(‘t(Tniining silver, which 
is quicker, easit'r, fait rather h'ss accurate, depends on the titration 
of the silver solution witli a standard solution of potassium 
thiocyanate. A drop of fcTrie salt is add(‘d to the silv(‘r solution 
bdore tin* titration comnaaices, and as soon as a real coloration (due 
to ferric thiocyanat(‘) app(‘ars, it indieat(‘s tluirf tlu' thiocyanate is 
pivsent in exc('ss and eonse((uently that the silver has been eom- 
ph'tely pr('cipitat(‘d. ‘ « 

0 

T K IIHE.STU I A L 0( ( ' I ’ R li K N( ' E 

Silvi'r is found (uily in v(Ty small traei's in ordinary igneous rocks 
(usually l('ss than ()-(M)(fl piT c(‘nt.) ; but, lik(* eopjxT, it has tended 
to nc'cumulate in the liipiid portion as the igni‘ous magma has 
solidified, and has b(‘(‘n giv(‘n off in appri'ciable (juantities by the 
tlu'rmal wati'rs \vhi(‘h are (vxpelled in tlie linal stag(‘s, Jly the 
deposition of\silv(‘r compounds from tlu'se wati'rs, as tlu'y rose 
through fissiBV's in tfa* rocks, “sil\(‘r vi'ins have luaui formed. 
Sinc(^ eoppi'r and haid are akso (‘\pell(‘d undiT th(‘ same conditions, 
it is not surprising tiP find that silver is a minor c*onstituent of many 
eo[)])er and h'ad ori's. Huf, since silver occurs to a much smaller 
extent in the average magma tlian do eoppia* and lead, and, since 
the (‘onditions lu'c'ded for the fircripitation of the difh'rent metals 
as,.sul[)hid('s are ditTerent, many (‘opper and hnid oivs contain but 
little silv(^r ; in some ])la(;es, howevc'r, veins are found in which 
silver is jiresmit in (piite large quantities. Silver veins g(merally 
eivitain a certain amount (d gold. 

Where the amount of silver in a lead ore or a copper ore is very 
small, it may occur as a minor constituent of tlie l(‘ad or copper 
iniimral. Thus the important lead mineral, galtma (Pb8)^can hold 
a small amount of silver- not (exceeding 0-2 per cent. — in solid 
solutioif.^ Several copper minerals — nidably tetrahedrite — are 
often distinctly argentiferous. But where the silver-content of the 
lead or copper ore is considerabK’!, indepei,ident minerals containing 
sih'^er occur to stime extent. i ‘ 

The ind(q)('ndeht silver mineralji may include lyjetallie silver itself 
and the sulphide, which is known as, 

' Argentite (Silver Glance) . , . Ag,^ 

^ ‘ ^ A. E. Nisaou^aivl S. 'L. Kcoit Oeoi 10 (19ir)). 172. 
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Argentilfc is a bluok or grey mineral with metallic lustre, 
found in Tctieulafed of arborescent growths. • 

\VhA*e thes«ores«lie \vithin reach of weathering inthiencea, they 
may undergo sec^mciary ^•han^‘s. One of tlu' b#<t-known WTondary 
ininerals is the chloride, ^ • 

Am silv(T . . * . Ag(’l, 

• ^fllicll usually occurs in waxy masses. Silver, lilv«' c(n»}H‘r, may 
undergo secondary enrichmenl, for waters containing solubh' silver 
salfs penc'trating dounwards from the altcn'd zone into the 
unaltered zone react with sulphiiles such as pyrit(‘s or chaleopyriU', 
with the r(‘pr('cipitation of silv(‘r sulphid<‘ (argcaititc). Hut the 
more common <>rv^ of the zoik' of cMriehnu'nt an* the complex 
sulphides, • 

Pyrargyriti' (darkled silver ore) dAg^S Sb.Sj or AgjSbSa 
lVoustit(‘ (light red silvt r <»re) . dAg^S .\syS ^ or AgjAsS , 
and H()lybasit(‘ .... dAgyS Sl^S , or AgjSbS„ 

By the interaction of sihcr-beanng waters with reducing agents 
{perha|)s suljiliide^) native* sil\(*r may be formed in minute l(’av(‘K, 
threads or mossy growths 'riius native* Ml\e*r may he* of a primary 
eir a secondary eliara(‘te*r. 

Tiif* main silver-mining districts are* groupe*d around the Pacitic 
ore-cip'le. Starting on the* South American side*f we iind the 
celebrated silver mine*s of Holi\ia and Peru In many of the'se, 
the silver is associat(‘d not only wiMi copper# but also with tin — 
a somewhat unusual ass(''*iatie)n. In Central America th(*re are 
some impeirtant mine*s, but the riclu'st se*rie‘s of silver-V(*inH is to be 
found in Mexico . in the I’ae-huca distnct, winch is one* of the meist 
imjKirtant, there are (piartz \i*inK containing jiroustite*, pyrarg'frito 
anel polybasite*, whilst the higher jiortums c(»ittain the .sulphide* eir 
chloriele. The* rich silve*i; and gold ore*s of California anel Xe*vaeft 
next call for ment'on, whilst we* find ^il'. e i-h‘ad e)re*H in Idaho ftiui 
Colorado. , • 

Pa,ssing round to the either siele of the Pae ilic, we flral sdvt ^ in 
Japan, in Burma, in tlm ihitch Indi(‘H, whilst the* l(‘ad and ■ me 
mines of Broken Hill in AiisValia j>re)elue*e a notable quant it3^ 
of silver. 

Outside the Pacific ore-circle there ure^/oAV deposits of great 
importance. In Ontariy, howeve-t, the* complex ores of the Cobalt 
region contain nat4ve silver, alemg with compoiinrts eif ceibalt, nickel, 
bismuth and oHier metals. IivJoachimsthal (Bohemia) the same 
association of silver with cobalt, nickel and bismuth is eibserved, 
whilst, on the other/ide e>f the Erzgebirge,* in the mining distncl of 
Freiburg (Sajony), tbe p^iious -metal* is i‘«}^iated with l^adand 
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^zinc. The copper ores of Spain also contain an appreciabl^amount 
*of silver. Since, however, out of 187 million ouhees of iSuver pro- 
duced in 1919, 165 million ounces came from the American Coiftinent, 
the comparative miimportance of tlicso^ European sources can 
easily bo appreciated. • ^ ^ 

Metalluroy and Uses ^ 

A large proportion of the world’s output of silver is derived from 
ores which are mined mainly for the copper, lead or zinc which they 
contain. Even where the ores are so rich in silver that they are 
worked mainly with a view to the extraction of that metal, the 
metallurgy of silv(T is closely int(‘rwoven with that of other metals. 
In order, therefore, to ])rcvt‘nt undue n'petition, only a short 
discussion of tlui treatment of silver ores 'will be given at this 
point. * 

Silver is one of the most easily reducible of metals ; the diftieulties 
which attend tlu' treatment of ordinary sihi'r ore are all connected 
with the fact that the silver content of tin; ore is always small ; 
either the silver mit\(Tals are scatter(‘d throughout a large amount 
of worthless material, or the silver may actually occur in traces in 
solid solution jn another mineral, e.g. in galena (Pb8). 

In order to obtain this sparsely dilTused silv(T from the ore, some 
agent must bo used which will dissolve the silver and leave the 
worthless mat(‘rial ; two classes of agents are used : 
vy/R) A collector of metallic or pseudo-metallic character, 
stTcli as 

(a) molten copper matte 
{()) molten lead 
''or (r) mercury. 

0 (2) An aqueous leaching agent, such as a solution of 
^ (a) potassium cyani(fe 

{h) sodium thiosulphate 
or (c) sodium chloride. 

fl) Metallic Collector Processes. Where silver ocevrs in a 
copper ore, practically the whole qf the silver will be found in the 
matte pi^oduced when the copper is smelted in the ordinary way. 
In cases where a silver ore is free from copper— or contains too 
little copper for efticieht collecticm— it is cjearly possible to mix it 
with a further anaount of ordinary cvpper ore 'and to smelt the 
mixture. Tlie argentiferous copper matte fe “ blown ” to give an 
argentiferous “ blister-copper,” which is then refined electrol^ically. 
The silver remains in the^anode slimes, the subsequent treatment of 
whioji was described in ,fthe 'section on copper (p. 4St). .A bullion 
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Oonsffltits^.of silver and usually a littla gold is obtained ; the parting 
of these two metals described later. • 

Ck)pf)er matoe is ^low, commonly regarded os the most efficient 
collector of sibu ^ but molten lead is also largely used. Most of our 
ordinary lead ort^s contain silves» whicii is larg(‘ly found in the l(‘ad 
produced by ordinary smelting. Sil ver ores w'iiic b are comparatively 
ftee from lead can be mixed ^vith lead ores and the whole mixture 
smelted to give an argent if emu.s lead. The desilvi'rization of this 
lead will be described iii the section on leatl. Th(T(' are three 
main processes depending respectively on- 

The extraction of the silver with molt<‘n zinc, in whicli silver 
j is more t^dublc than in lead (Parkers process). 

The electrnlyti<‘ refining r>f argentifiTous lead, which leaves 
silver in the* anode slimes (Betts* process), 

^ii) The fractionaf crystallization of tln^ lead. first 

crystallizing porthuis contain less siher than the last 
(Pattinson’s process). 

The use of mercury as a colle<;tor for silv(T was formerly 
important, but may now' be regarded as obsolescent, owing to the 
high price of mercury, and tlic more comj)lct(‘ extraction by other 
methods. • 


111 the procc^ss^ d(‘velopod in the Unit(‘.d States, a oulp of oro and 
water is ground up between iron grinders, in aa “ amalgamation 
pan”; mercury is added, together with sodium chloride, crude 
copper sulphate, and sometimes otluT eheinicals 'I'he sil v(t minerals 
are reduced to the metallic state by the iron, and the metallic silver 


is “ collected ” by the mercury, an amalgam being formed. As a 
rule the iron of the grinding .surfaffs aetnally functirnis as^the 
reducing agent for the silver, and the ” shoes ” and “ dies ” (the 
pieces which perform the grinding) are generally made renewable. 
Sftmetimeii scrap-iron, however, is added. ^ 

Tlie function of the copper sulphate is probably to set up iron- 
fcopper couples wliich promote the reduction, whilst tliat of the 
sodiun^ chloride is probably to keep the iron from becomuig pasinvo, 
and possibly to act as a solvent for silver chloride. Further, 
chlorides of copper arc produced which tend to convert the sulph.idts 
of silver into chlorides of silver by some such reaction as 


CuCl^ + Ag^S CuS h rTAgCl 

Since silver chldride is much more easily mluced than silver 
sulphide, the i»etallurgical rea 4 :tion is favoure<f. 


' For further details see W, Gowland, " Mptallurgy of the Non-fcrrou* 
Metals " (Griffin) ; C. ^chp|tbel and H. Louis, " Handbook of Metoliorgy ” 
(Macmnillan). • i * ^ 
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The pulp and amalgam are separated in settling vjfis ; the 
’amalgam is freed* from excess of raercurjj by 'filtration through 
canvas, and is afterwards distilled, to separate Jjhe volatile m’ercury 
from the non-volatile silver. The ^lercu/’y is hygely recovered, 
but a small loss (K*curs eir*h time, and, with the present price of 
mercury, this loss causes the process- in most places — to compare 
unfavourably with the leaching proc(‘sses described below. » 
The amalgamation {)roceKs works best if the ores are roasted 
with salt before the tnaitmcnt. This roasting converts the sulphides 
to silver chloride, which -as already stated - is much more readily 
reduced than the sulphich* ; it also drives olf froni the ore any 
arsenic, the presence of which is prejudicial to amalgamation. But 
the roasting adds to the cost of the ])rocess. 

The old “ /mlio prorav-s*,” * fised until (juik' recently t)n a fairly 
big scale in Mexico, was chiefly reinarkablt in that mercury was 
used not merely as a “ collector,” but also as the n'ducing agent, 
no iron being employed. It is now largely rephu'ed by cyanide 
leaching. 

(2) Leaching Processes. Tlu' sy.sttnn of leaching with a 
cyanide solution so successful in the extraction of gold— has been 
applied with gri'at succ('ss in Mexico, and elsewhere', to silver ores.^ 
The cyanide has no action on silica and on most other ganguo 
materials, amh conse((nently is able to perform the s(‘paration of 
traces of silver from a vc'ry large v'olume of worthless matter. It 
is generally found emnenient to subject tlu^ ore to a preliminary 
concentration by a gravity method, and then after grinding to leach 
with cyanide solution in the pres(‘nce of air. Cyanide acts quickly 
on silver chloride, but less c(uu^*kly on the sulphides. The suspension 
of ore in the (jyanido bath is filtered, and the clear solution obtained 
is treated with alumknum dust or with zinc, which preci})itates the 
stiver in a liiu'ly-divided form. 

In some places, a,s at Nijussing (Ontario), sodium sulphide has 
been substituted for alunvinium dust as the actual precipitant 
owing to tin; high (;ost of the latter.^ The silver is thus precipitated 
as sulphide winch is mixed with 8 per cent, sodium hydroxide 
solution and the mixture is made «to circulate through tube mills 
containing aluminium ingots ; the aluminium removes the sulphur, 
and after the treatment is complete, the precipitate shows a silvery 
lustre when rubbed on paper. It is them removed by filtration, 
washed and melted down in a fixrnace*1:o give bullion. It will be 

, r 

^C. P. Duarte, J. Chem, Met. Soc. S. AfricOy 9 (1908), 105. 

• A. F. J. Bordeaux, Trans. Amer. Jnst. Min, Eng. 40 (1909), 764 ; G. A. 
Tw^y and R. L. Beds, Tkins. Amer. Inst. Min. Er^. 4! (1910)» 324. 

• B. D. Wat«on, Eng. MM. 103^1017), 578. » 
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noticed'^^at even in this modified form of the process, aluminium is 
still used as the ^educyig agent ; but the anioifiit consumed is no 
doubt*much loss tl^an if aluminium dust were introduced directly 
into the cyanui^' solution, r 

Other solvcntskfor silver, such as sodndn thiosulphati' and sodium 
chloride, arc onlj^ effective if the silviu* is presimt as silviT chloride. 
I^eforc leaching with these reagents, theref(H’(‘, it is lu'cessary to 
subject the ore to a jireliminarv (‘hloridizing roasting, which can 
be'»carried out in the same way as des(*rif>cd in tin* tr(*atmcnt of 
copper ores, 'J'hiosulpliate is still used as a solvent in sonn^ of the 
works where tin* complex cobalt ores an* treated (V'ol 111, ]). Jfi7) ; 
the silver is siiUsc'qucntly prccij»itatcd as sulphide. Sodium 
chloride — on the other haiul is only an t‘ff(‘ctive solvent for silver 
chloride when concentrated, and is now rarely employed for true 
silver ores. HoMevei>in the treatment of Nj»anish eoj)})er ores by 
the metlnxl of “ ehloridizing-roasting " and leaching which has 
already been discussed in the section (»n copper (pag(! 44) the 
silver present in the ore is brought int(* solution by means of stslium 
chloride and is tlN c ju'ceipitated as silver iodide by the addition of 
sodium iodide. 

The trcaitmeiil of the complex (tn‘s occurring in th(‘ Cobalt region 
has alreiwly been di.s( us^ed in the s(‘etion on eobidt. It is, liowever, 
intci eating to note at this point that many of tlu* ores coming from 
this region an* subjected to a concentration jiroeess in order to 
obtain an enrichment of silver in certain [lortiuns. and that not only 
gravity cone(‘ntration, but aW) flotation, lias be(‘n applied with 
satisfactory results.* Attempts made ebewhen^ to apply flotation 
to silver ores ha\(' not been in evei;v' east* successful. Some of 
these attempts were “war measur«‘K ” eausi'd liy t/u* neeft of 
economy for cyanide during the war ; flotation lias been started and 
abandoned at several places in Nevada and at (Vipple 
(Colorado),** but d IS said to b<* jma.* tised in Mt;xi(a),^’ • 

A rather interesting example of silver»lea.ching is cfirned on in 
Germany for the extraction of silver from tin* argentiferous copper 
mattes* obtained from the Mansfeld copper ores. T^*- raat^ is 
roasted under such eondition.*^ that the eojiper is c(mvert»’d to 
oxide, and the silver to sulphate. The silver sulphate can be 
extracted with water and the silver is tly;^]W'n down with scrap 
copper. The insoluble ^opjier oxtdc is mixed with fuel and reduced 
water- jacketec^ blast-fumiices yielding meitplic copjKT. 

* R. E. Dye, Trans. Can. Mtn. 20 (1917), 11 ; J. M. Callow and E. 

B. Thornhill. Trans. Can. Mm. In>4. 20 (lOlD. 28. . 

* G. H. Clevenger, Eng. Mtii. J. 105 (1918), 743. 

»H. A. Megraw, En± MX J. .*0* (1918), h^2. 
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Parting of Gold and Silver. The bullion derived 
silver ores or from^^old ores almost invariably cbrAains 
and often other hiSs valuable constituents, foich/is co^jper anfl iron. 
Where the })rec ion % metals have bc(^i exVacted leaching and 
precipitated with zinc, thcf bullion often contains/zinc and lead as 
well ; but these easily •oxidizable elements can largely be eliminated 
if the precipitated metal is melted under a flux containing nitno ^ 
which is occasionally stirred into the fused metal. 

The parting of the main valuable constituents’, gold and silver, 
is carried out in difTcirent ways, but it is generally necessary to start 
with an alloy containing not more than about 40 per cent, of gold. 

If the bullion to Ik^ treated is found to contain more gold than this 
amount, it is melted with some other sample of crude silver contain- 
ing but little gold, so as p) giv*e an alloy with a lower gold-content. 
Where the sulphuric; acul process is to bo nised the alloy should 
contain only 18 -20 ])er cimt. of gold, but it may be made as rich as 
30-^0 per cent, if (*leetrolytic refining is contemplated, 

The older method of parting consists in the treatment of the 
alloy with concentratcsl sulphuric acid, wiiieli dissolves the 
silver, but leaves flu; more noble gold ii\ a brown porous form. 
The alloy is first granulated by being poured molten into water ; 
the granulated ^nass is tlien treated with sul])huric acid in kettles 
of w'hite cjist-iron, which are slowly heated to the boiling-point ; 
sulphur dioxide, which is given off in large quantities, passes off 
through lead pipes.% Special arrangements must bo made for 
absorbing the gas, which is sometimes reconverted into sulphuric 
acid and sometimes utilized in other w^ays. When the reaction is 
over, the whole conUaits of^the pot arc siphoned into lead-lined 
vesi^ds containing water. The sudden diluting of the hot con- 
centrated acid cause, s a most violent commotion ; after this has 
subsided, the brown gold settles quickly to the bottom. The clqar 
silver sulphate solution is drawm off to another vessel in which the 
silver is pre/iipitated by means of scrap copper or scrap iron ; the 
precipitated gold and the precipitated silver are separately w^ashed, 
dried, and melted dowm. In the melting of g(dd, an oxidiring flux 
of nitre is generally advisable to eliminate traces of lead, which 
would catise brittleness. On the other hand, in silver melting — 
at any rate in the final stages — oxidizing conditions are dis- 
' advantageous, since tiiey wmld Ifad to violent “ spitting.” Some^; 
times the molten’ silver is covered withtcharcoal Und stirred with ^ ^ 
birch pole before *it is allowed tq solidify, thuse preventing the 
spitting. ^ 

At one time, nitric acid was used, instead of sulphuric acid, for 
, • »W. ^taW, Ma. 13*(19lk 298. • 
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pamng^ oul id uas proved too expensive. Indeed even the 
sulphuric acid process is tending to bo replaced «by the electrolytic* 
methdd, in wmch ^lie consumption of acid is avoided altogether. 
Electrolytic pytin^ ig usey^ almost exclu.^^iN jjly in the American 
refineries, and h» been adopted at several of the larger refineries in 
Europe. In the^Vmerican IVIintsA the partinpg is carried out in two 
^ages, th6 first stage ])roducing fine silver, and the sec^ond stage 
fine gold. In the firM stage, ingots consisting of the crude bullion 
with 30-40 per Cent, of gold are \vrapj)ed in cloth bags and are 
made the anodes in a solution containing 2-5 })cr cent, of silver 
nitrate with about 2 per cent, of free nitric acid contained in a tjink 
of stoneware. Th« cathodes are thin sheets of silver, being hung, 
like the anod(\s, vertically in t}n‘ cell. Kach c(‘ll may (‘ontain, 
])erha])s, five cathod^'i and four ba|!(s containing anodes arranged 
lietwecn them. Six t^) twenty C('lls may be connected in scuies, 
and an E M.F. of about O-S v<)lt per cell is applical ; the solution is 
sometimes kept in motion by means of a ghiss proju'lhT, arranged 
in the centre of each cell. Silver is dissolved at. Ilu^ anode, and 
silv(‘r crystals of e -'r tH)-9 per cent, purity an* forimal u])on the 
cathode : the gold remains, hovv('V(T, undissolv(‘d in the form of a 
spongy mass in ttu^ aiawle ))agK, 'rh(‘. cathodi's ar(‘ generally taken 
out vt int(‘rvals and tin*, silver crystals are brushi^d off ; in some 
])lani' a dc, vice is installed for brushing otf the silvcT continuously. 
The silvtT crystals after being drained and washed an* sent to the 
melting room, when* tlu'V are nielte<i dowii und cast into bars. 

At one time it was customary to add a little glue to the c‘l(*ctrolyto 
in order to improve the character of the cathode de])osit, but it is 
stated that this ])ractice is now abandoned. ‘ 
y^riio solution tends to become weaker in silver, and silver nitrate 
is ]x*riodically added. When impurities have collected in the 
solution to such an extei^t that the cathode product is Ix^ginning ir) 
suffer in quality, the solution is replac(>d The .«ilver present iii^the 
discarded bath is usually recovered by ejectrolysis in. a cell htted 
with an insoluble iion anode; in some refineries, hovf * er, it is 
precipitoted by means of scrap copper. 

The anode sponge, consisting mainly of gold, is molted down, 
and used in the production of the aiuxles for the secdlid stage ; 
these anodes still contain much silver. In the second sta^e, the 
electrolyte consists of solution •rjf gold cliforide (4-7 per cent, of 


* H. J. Slaker.^Sr. Min. J. 90 (kftlO), 214 ; E. B. Durham, Eng. Min. 

92 (1911), 901, 950; G. G. Griswold, Trans, Amer. Ekrtrochem. Soc. 35 
(1919), 251. . . 

* F. C. Mathers and 9. R. Kuebler, Trans. Arner. Electrochem. Soc. 29 (1916), 
417. 
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^old) with free hydrocliloric acid (10 per cent.) ; the o&thodes 
conHist of pure goid. An E.M.F. of 1*1 volts* ptr cell i^applied. 
The hath is heated hy steam and is agitate^ hy^ncams of a rtipidly 
revolving })rop<iller. ^ The anodic belij^vioiif of golt^ and silver in a 
chloride solution is differcKt to that in a nitrate ^ilution ; gold is 
dissolved anodically, whilst silver remains, as tlu* msoluble chloride, 
in th(^ slimes. On the cathode, gold of above per cent, 
obtained (if desired it can be puritied still further by a second 
electrolytic refining). The deposit on the cathode does not readily 
strip, so that tln^ cathode's are periodically withdrawn to be melted 
u]), their place being taken by fresh cathodes of thin gold. When 
the eh'ctrolyte beconu's foul it is renewi'd ; plaUniim, if present, is 
usually recovered from the spent ehictrolyte l)y the addition of 
ammonium chloridi' ; the afnmonium ])latinichloride, which is 
precipitatiul, yii'lds spongy ])latinum on i^iition. 

Other parting metliods are used to some (‘xtent. The Miller 
process is useful for the relining of liullion in which gold is the main 
constituent. 'J'he process consists in blowing clilorine gas through 
the molten bullion ; a layer of molten silvc'r chloride' ajipears on 
the surface of the gold, whilst the baser im])urities are also 
eliminated (i>artly as a fume), 'riu' method has long been used in 
Australia, for freating gold bulliem containing 4 11 per cent, of 
silver and 5 per cent, of base metals. It has rect'ntly become usual 
to blow air and chlorine simultaneously into the juolten gold. At 
the commencement o^the process, much air and little chlorine is used, 
and the base metals, which are e^isily oxidizc'd, are thus removed. 
Afterwards the supply of ('hlorine is increased, and the silver also is 
attacked. In this way, the complete removal of the base metals 
likejead (whi(;h renders the gold brittle) is brought about without 
serious loss of preciqus metals.' 

• The process is now u.sed in South Africa, -.and in a slightly different 
foi’Ui in Canada.-' 

“ Parting Limits.” dk convenient at this ])oint to refer to 
thc.^ recent investigations of Tammann into the theory of gold-silver 
parting by nieans of corrosive acids or by anodic con'osion. 'Clearly 
ill the parting of an alloy containing little gold, the removal of the 
atoms of silver will allow the corrosive agency to penetrate' into the 
interior of the alloy, t^pd the corrosion will continue until the whole 
of the alloy is desilverized and hearly pujt' gold is left. On the 
other hand, if the'hlloy contains but Httle silveV, the remov'al of 
silver from the surface will merely* cause tHe forirwition of a layer 

^ 1 R. R. Kahnn, Trans. Inst. Min. Met. 28 (1919), 35. 

» AfHcan Miit..Eng, J. 32 (1921), 467. « 

' » M. W. von Booiowiu, 2« (19^9), 298. , 
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of almdlit pure gold, whic] 
has invcMigatcd Hhc question of the proportion of silver atoms-f 
necessary to allow^ of ’continued parting, and has deteriniiK'd the 
limits of composition ^jhieh^art' necessary wijh different kinds of 
corrosive ageneVs. Thus he finds tha^ alloys in which less than 
half the atoms consist of silver are not ajk})reeial)ly attacked by 
[^oiling nitric acid, except on tln^ surface, whilst from those in which 
§ (or more) of the atoms an' silver. ])ractically the whoh* of the 
sib/er is removed by that reagent. 

Tammann has studied many other sysU'ins of nu'tallie mixed 
crystals and finds that for nu'tals crystallizing in the cubic system, 
th(' parting lirnik” usually occurs wlu'n cither I, s’, s, ,1, s, or i 
of the atoms i-onsist of the nion' attackabh* component , he has 
considerc'd the significance' of thift tact in connection with the 
arrangement of tlu' ^toms on the s])acc'-latlic(' 

Silver-plating.- It is wt'll known that a thin, smooth and 
adherent coating of silvc'r is frequently applied to artichs of less 
resistant materials, such as (derman silver, to ]>rolei‘t thi'in from 
attack and to improve their appcaranc('. The plated table-ware 
now inanufacture(l consists gem'rally of (Ic'iinan silver coati'd with 
silv('r ; another mat('rial us«‘d as tin' basis in silvi'r-plating is 
Briiannia nu'tal, but this is now used much less than (•ernian 
silver d'he thickiu'ss of tin' siher-coat applied may vary from the 
thinnest film up to about 1 oO inch : in sjxcial cas('s thicker deposits 
art' called for. d'he plating is always broi^zht about hy making 
the object to bt' coated th-' cathode in a suitabh' silvei’ salt solutitm. 
Ojipo.sitc thccath(Kle,ano(h's consisting of silv('r])lat(‘S art* suspendt'd, 
and whilst silvt'r is deposited on tht'yathode, it is dissolvt'tl at the 
saints ratt*. from tin* ain»dc. tin' stn ngth of tin* bath la'in^thus 
maintained • 

, A solution of a simplusilvt'r salt like sil\ t‘r nit ratt* cannot bt* u^*d 
in t'lectro-plating, since such a solution (Iocs not yit'ld a uniforiikcoat 
of silva'r, but either a granular crystallpnKlepo.^it, or a Jdack sjionge. 
It has been found, however, that a ^.‘ry uniform and compat t^ Kim 
of silver can be obtained if a solution consisting of the double eycnide 
of potassium and silver bt* u.stitl as the plating-bath ; the bath can 
be obtained by dissolving cither siher chloride tir silver t^yanhie in a 
solution of potassium cyanide. The cuiTtmt density must not be 
too high, or the qutJiiy of the deposit will suffer. Usually about 
• • : 

Mj. Taminai^i, Zeitt^h. Jeorf/, ( w. 107 (MHO), 1; 112 (1920), 233j 
114 (1920), 281; Zfiii^ch. MfUillLnah, 13 (1921), 409. 

* A complete list of plating bath rcctptfi is given by J*. t. I'rary, 'j^rans. 
Amer. Electrorhem. Hoc. 23 (1913), 92 'Hie ^arly history of platiny ui de- 
scribed by IJ. f]. Lci^lcr, *f. 32 (!j)19), 305. • ^ 
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0-3 amps per 100 sq. centimetres is allowed. A speciallj/ bright 
deposit may be obtained if the bath is saturilted with carbon 
disulphide, but this brightening bath is usuMly^only#employ^ for 
the final stages of plating. ^ ^ ^ 

The smooth and fine-grained character of the /eposit obtained 
from cyanide baths has been referred to in Chapfer XI of Vol. I ; 
it is probai)ly due to the high polarization obtained in baths in whiclj 
silver cations are only present in very small amount. The brighten- 
ing action of carbon disulphide may be compared to the action of a 
protective colloid. A slight (‘xcess of potassium cyanide in the 
solution is usually recommended to ensure the regular dissolution of 
the silv(‘r anodes, and to prevent the formation of a film of insoluble 
silver cyanide u})on the anode surfaet\ 

The surfacics of tlie articles tb bo])lated niufit be scrupulously free 
from grease and from any film of oxide, or the, silver-coat will not bo 
sufiiciently adliercnt. Oxide must first b(^ removed, as far as 
possible, mechanically, then grease is dissolved away by immersion 
in a hot alkaline bath ; it is advisable finally to dip the article into 
an a(!id bath, in order to dissolve the film of o.xide that is generally 
still })res('nt upon the mi'tal. German silviT artich'S— just before 
being ])lated- - are often dip})ed into a solution of a mercury salt, 
preferably jiota^iuni mercuric cyanide, so as to obtain upon the 
surface a coating of nu'lallic mercury or an amalgam, the o})eration 
being known as “ ([nicking.'’ 

The mode of sus[)en,'^ion in the ])lating-bath varit's with the shape 
of the obje(!t to be plated. Objevts like spoons are usually hung in 
a wir(‘ loop ; wluu'e the shape W'ould renchu- this form of attachment 
diflicult, tlui objects can be plac(‘(l in a wire bask(‘t. In any case, 
the ^ire. attach nuMit or baskc't serves to coniu'ct the object to the 
negative pole of the battery furnishing the euirent. 

«l’r('([uently the plating is commenced in i\ rather dilute “ striking- 
batlp” at a very high current density ; but after a momentary 
immersion in this, the ar^jcles are transferred to the plating-bath 
proper, where the current density is lover. Usually they are 
Hnisbed in a “ brightening ” bath containing carbon disulphide. 
After plating, the artich's arc washed^, burnished and finally polished 
with rouge, an agent which exerts a very distinct dragging effect 
upon the silver and produces a smooth (possibly amorphous) film 
ui)on the surface, thereby conferring the wel^-knovn brilliant lustre. 
A certain amount otrouge is probably retained ondhe surface film ; 
silver polished vith Vouge is percepm)ly darker than^silvcr polished 
with magnesia. Indeed if the rouge is not applied in the most 

^ ^oinp authorities, iiu'IudiVg Laugboin, consider addition of carbon 
disulpludo* a inisttiko. ■ t, • ** t * 

• r * • 
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suit&blovDi8*nii6r if it is applied to the surface when overheated) 
distinct ml staini may be produced on the sirface.^ • 

As ift the Cf%se of all blectro-chemical processes in \\ hich there is 
a considerable quantity ^f pitjious metal “ loeki^d up ” permaiumtly 
in the plant, a gitat saving \\x>uld be eth^’ted if tlu' eui ri'nt density 
could be increascll. Under ordinary conditions it is inqiossible to 
use a current density exceeding about amps. })er square foot, 

• since at high current densities the deposit biHomes Imrnt/’ 
Recent experiments with alkaliiie baths containing potassium 
carbonate appear to indicate that good de]x)sits can lx* obtaimxl 
with current densities as high as 8 amps, per sipiare fo(>t.“ 

Silvering of Glass. It is convenient at this ]H»int to rebu- to 
the production of mirrors by lieating glass wlu'n in contact with a 
solution containing suitable silver eomjHunul iiie silvering 
solution usually contains silver nitrate, excess of ammonia, and 
some organic rediuing agent such as a tartrate, an aklehvd(‘ or 
glucose. One bath which is sai<l to b(‘ very successful,' when 
properly manipulated, contains siIvit nitratis ammonia, tartaric 
acid and white sugar. Such a solution although suiruimitly 
stable at low' temperatures- (hqiosits siher as a bright lilm wiicn 
W'armed in contact with glass. 

Alloys of Silver. Apart from the cases of clcctro-jilating and 
inirroi -making just mentioned, and its occasional us(; for xessi'ls 
employed in the laboratory for tin* luaiting oi corrosive substances, 
such as caustic alkali, ])ure sihia- is but lilth* li^cd. d'h(‘ “ standard 
silver” used in the arts is a silvcr-eojipcr alloy contai)iing T’f) 
per cent, of copper or other alloying clement. Tlu* (‘(pnlihrium 

diagram of silver-eoi)per alloys was dis4us.s(‘d in ( 'ha pter IV (\k)l. i) 
as an example of an alloy-.yv.stem with metals which torm mtxed 
crystals throughout eiTtain limits. It may b(* recalled that in the 
anjiealed state, • 

Alloys with O-.i jier cent, of cojipei consist .sole!}' of erystalt of 
cupriferous silver. • * * 

Alloys with 5-27 per cent, of copper consist of crystals of - npiifi'^^ us 
silv’er in a eutectic. 

Alloys with 27-94 per cent, of c<if)j)er consist of crystals of .ygeni d^T- 
ous copper in a eutectic. 

••• 

• 

‘ A. Jefferson, J. In ft. Ad. 28 (1922), 447, 

* F. Mason, Trans. Faraday f^or. 16 (1921). 534. (Jornparo G. B. Brook 

and L. W. Holme^ Trans* Faradatj ^oc. 16 (1921), 524, w-ho KUffjjest that the 
alleged superiority of “ old " plating-batliH over newly pr<‘i>uro<l baths is due 
to the accumulation of carbonates in the former ; the carbonaU-a inergaso 
the conductivity. • * *• 

• 0. Martin,^" Indust^al t^oniis^rjj ’* (G^osby, Lockwood). • 
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Alloys with 94-100 per cent, of copper consist solely of ^crystals 
• of argentiferous copper. . a 

The employment of •* standard silver” depends on the ste-bility 
in air, the beauty^and good wearing qualiti^i of the alloy. It 
keeps its lustre well in prdinary air, altliough /ae older variety 
tarnishes in air containing hydrogen sulphide, 'Recent research 
at Sheffield has evolved a new “ stainless silver,” which does not 
tarnish. 

The now British coinage, introduced in 1920: contains only 
r)0 per c(mt. of silver. The silviT-content is fixed by law, but the 
alloying material is not h^gally specified ; hitherto nickel with a 
little coppiT has been employed as the alloying, material. 

The Use of Silver Salts in Photography 

General. A large quantity of .silver is (‘onsumed in the manu- 
factuiT of photographic plates, films and ]Vapers. It has already 
been mentioned that the halogen compounds of silver darken in 
the light, and that many other salts become reduced to the metallic 
state when exposed to sunlight in the presence of organic matter. 
The decomposition of the halides also is greatly aided hy organic 
matter ; if a suspension of silver chloride in gelatine jt>lly be exposed 
to the light, a jeddish eolour is quickly produced in tb(‘ jelly. The 
I'arly chemists ascribed the (*olour-change produced in silver (‘hloride 
to the formation of sub-chloride, such as Ag/T It is now certain, 
how(^ver, that ])art of the silver chloride is decom])osed by the 
light into chlorine itnd silver 

2Aga 2Ag l-Cl., 

and that the silver produced remains dispersed in th (5 silver chloride 
as particles of colloidal sizd ; the coloration is, of course, due to 
these colloid particles.^ The same red colour is formed by the 
{absorption of colloidal silver, sejiarately prepared, into silver 
chloride. Brightly-coloured bodies can be obtained containing 
less than 1 per (“(‘iit. of reduced silver, and the eolour varies with 
the conditions of formation, as is so often the case with colours 
dia5 to colloid particles. It is unlikely, therefore, that tbo hypo- 
thetical sub-chlorides referred to above have any real existence. 

If a clear crystal of silver chloride is exposed to light, the growth 
of the particles can actually be observed by means of the ultra- 
micro8co})e. On exposure, the fcurface becomes brown, and after 
a time particles bpcome visible undor^the* ultramiicroscope ; if at 
this stage the crystal is removed from the lighj and heated at 

1 Lupfw-Cnirncr, KoU. Zeitsfch. 2 (1908), 103, 135, 360; W. Reinders, 
Zeitsch, Phyfi. ('hem. 77 (1911), 213. A good summary of different the<MrioB 
is given by F. F. RonwicU; J, Soc. Chem. M 39 0920), 166t. 
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350°C.,*,the growth still continues. The cloudiness caused by the 

particles ef silver jn the crystals is in every way# analogous to the 
metallic fogs wdiich can be produced in salts of lead.^ 

When silver bromidt is oicposed to the light for a short time, 
there is no ch.)^'^o in its odtward a]jj>''arancc, altliougb a long 
exposure causesr voc colour to become light grey or brown, bromine 
being set free in r(‘CognizabIe amounts.- However, cvc'ii a very 
slfort exposure t<j the light is capable of bringing about sutficient 
reduction to <^aiiso a notable change in the behaviour of the silver 
bromide towards reducing agents. Ordinary silver'bromide, ]>re- 
pared in the dark, is not quickly reduced to the imdallic state 
by such reducing aj^iuits as pyrogallol mud(‘ alkaline with sodium 
carbonate. The bromide, however, aft<‘r a very short exposure 
to sunlight, suffers some change which causes it to be readily 
reduced by alkaline jiyiogallol. Ajiparently the small })articleH of 
reduced silv<T jiroduced by the light act as nuclei which aid the 
reduction of more silver bromide, somewdiat in th(' same way that 
the addition of a small crystal of sodium suljdiate to a large amount 
of the supersaturated solution of that salt initiates the crystalliza- 
tion, which wlu'u once started proceeds a]Mice.‘‘ 

The action of organi<; matter in facilitating ])hotolytic ehang(‘s 
appears to Im* an indirect one. Ibaictions such as 
2Ag(’l ‘JAg -f ('L 

involve an increme of free energy in th(‘ system, and cannot occur 
spontaneously unless light is falling upon the s.dt, the energy btung 
then supplied by the light. If no organic substance were present, 
the decomposition would s<jon b(‘ balanced fiy the opiiosing change 
2Agd-CI, - 2Ag(’l 

(which inv(dves a decrease in free energy) ; wlum the light ceased 
to beat upon tin* silver salt, the .silver and (‘fdorinc (if the latter 
had not diffused away) might recombim? completely. But- in ^he 
presence of organic matter, which will react witli the chloiine os 
quickly as it is liberated, the reverse cnangc^ is impossible. In a 
photographic plate or “ bromide jiapcr,” the gelatine, besides actiTig 
a« emulsifying agent or vehicle, also aids as an absorbent for the 
halogen produced; in the printing-out-papers,” as w'o .hall see, 


^ R. Lorenz and K. Hiego, Zeitsch. A^org. (19ir)), 27. 

• Seo R. Schwarz and H. 3tock. Ber. 54 (1921), 2111. The loss of weight 
due to the loss of lialogeii on ox^iosuro to light can bo\lotectGd. Seo E. T. 
Hartung, Trans. C^.m. Soo. 121 (1922), 682. Compare P. P. Koch and F. 
Schrader, Zeitsch. Thys. 6 (1921), li7. 

* Compare S. E. Shephard and C. E- K. Mccb, Proc. Roy. Soc. 78 [.\] (1906), 
461 ; S. E. Shephard, Tirana. Amer. Ekdrachem. ^oc. 39 (1921), 429; S. fi. 
Shephard and A. P. H. Trivolii, Photo J. 61 (1921), 400. 

M.C.— VOL. !v. ’ 
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a special halogen-absorbent, usually a* citrate, is preset in the 
emulsion. 1 i ^ ^ , 

Manufacture and Use of Plates, Fil{ns ^nd JPaper%^ The 

so-called “ emulsify ” used in the nmJmfacture of plates, films and 
“ bromide papers ” conskits essentially of a susi^msion in gelatine 
of small crystals of silver bromide (or mixed crystals of silver 
bromide and iodide). It is prepared in a dark room by mixing 
a concentrated solution of potassium bromide (and often iodide)' 
containing gelatine, with a concentrated solution of silver nitfate. 
Owing to the presence of the gelatine, the silver bromide is not 
precipitated in the ordinary form, but remains as particles of 
colloidal size. After mixing, the emulsion is, subjected to a pro- 
longed heating, or “ ripening.” The function of the ripening is to 
cause the growth of compafatively large silver bromide crystals, 
about in diameter, that is, of a size, easily visible under the 
microscope. Most of the crystals present in the ripened emulsion 
consist of hexagonal or triangular plates, although hero and there 
a rod-shaped crystal may be seen ; ^it is noteworthy that all the 
crystals actually belong to the cubic system, their shape being due 
to the unecpial development of the different faces. The increase 
in th(^ size of the grains during the ripening process causes the 
emulsion to Ih'come increasingly s(‘nsitiv(‘ to light ; a reason for 
this increase of sensit ivcuiess with the coarsencHs will be suggested 
later. 

After ripening, t\j(‘ emulsion is usually allowed to cool and set 
to a jelly, which is cut into shreds, washed free from potassium 
nitrate, and again melted. It may now be used for coating glass 
plates or ])aper ; in the manufacture of “ films,” a transparent 
fle/ible support such as cefluloid, (jr eellulose acetate, is employed. 

If such a plate or film is placed in a camera, and an image of the 
•object to be represented is cast upon ij by means of the lens, a 
sivall amount of reducthin will take }>lace in the parts which* are 
reached by the light, '^le amount of reduction depends upon the 
intensity of the light reaching the plate. If the exposed plate is 
afterwards immersed in a “ developing ” bath, containing sodium 
pyrogallate, or some other organic reducing agent, the silver bromide 

^ For further information regarding the absorption of halogens by gelatine, 
and the ' ‘ reversal ’ ’ cfoYHsequent ui:)pn a long exposure to light, see R. E. 
Crowther, J. Soc, Chem. Ind. 35 (1910), 817. t 

* The machinery find methods used in plpte-manufauture are described by 
A. J. Munro, FhotoV. 60 (1920), 209. The general process is discussed by 
C. E. K. Mees, J. Soc. Chem. Ind. 31* (1912), 307, and %he structure of the 
coating by C. E. K. Mees, J. Franklin Inst. 191 (1921), 631. The colloidal 
cllemistry of emulsion-making, yvith details of crystal-size, is discussed by 
R. E. ^lade, Brit. A«soc.*'/'''ji.,88 (1920), Apj^endi^, p. 74. 
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will be reduced in the parts which have l)eon affected by the light, 
the reduction being » most conspicuous where tlA) light has been 
most intense. Thi.^ prcjduces a “negative” image on the plate, 
^representing the object ph^^graphed, but rwersed as regards 
light and shade. '^The insoluble silver bremide remaining can now 
be dissolved out by the action of a solution of sodium thiosulphate, ^ 
the operation being termed “ fixing.” 

In order to make a reproduction of the picture whicli shall *not 
be reversed as regards light and shade, a piece of “ bromide ” or 
“ gaslight ” papiT coated with a similar but less S(‘nsitive emulsion 
is pressed uj) against the glass negative, and exposed to the light 
through the latter.. After the paper is developed and fixed, a 
“ positive ” image in black finely-divided silver is obtained. 

Grain -size and Sptfed. It is now po.ssible to consider why a 
coarse-grained ennilsion*whieh has been fully “ rijiened ” is gener- 
ally more sensitive than a fin(‘-grained emulsion. Jt is fairly certain 
that if once a “ nucleus ” of metallic silver appears at any point 
on a grain, the wliole grain bewmics “ dcvelopalile,” that is, capable 
of reduction by nu' developer. This important fact has ))een 
ascertained by taking micro} )hotographs of the dcvelo})ed bnt 
unfixed plate; these miero})])otogra])hs show that^sume of the 
silvt't* lialidc crystals become completely blackened whilst others 
are niichang(‘d. If tin* time of develojjing lias b(‘en very short, 
we may meet with grains wliich are blackened only in one jiart ; 
but in a fully-dev('lo{)ed image each grain is Mthcr wholly black 
or else wholly white. E\idently, therefore, if reduction has com- 
menced at any })oint on a grain, it is able to extend over the wliole 
grain. Now the large; grains will olTer,a larger “ target ” to the 
light than the small ones ; the “ chance ” of a large grain bccomffig 
effected by light at some })oint, and thus becoming “ devolopabk; ” 
is greater-other things being equal — than tlio ‘“chance” of a’‘ 
small grain. Careful imaiHurcments hav(‘ slitiwii that, in one ptft- 
ticular emulsion, an ex})osure which causes 80 ]>er cent, of the 
largest grains to become developable will only cause 0*0 per cen^. 
of the snltillest ones to become developable.* In brief, tlie laj'ger 
the grain-size, the greater the amount of metallic silver which will 
be produced by growth from a single nucleus. In general the growth 
from a nucleus will not extend outside the gr^ii^ in which it exists, 

although where the graius arc in contact, one may “ infect ” 

• 

*Th. Svedberp, Z^sch, \fis8. DioU^ 20 (1920), 36; Fholo J. 62 (1922), 
183, 186, 310; Th. Svedberg and H. Andersson, Photo J. 61 (1921), 325. 
See, however, S. E. Shephard and A. P. H. Trivelli, Photo J. 61 (1921), 4(KK( 

F. F. Renwiek. Photo J. hi (1921), 333. C(ftnpare*al 80 L. Silberstem, Phil 
Mag. 44 (1922), ;?57. % • - ^ . 
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another.^ The complete consideration of the various factors 
determining the* working “speed” of a platl is too*lengthy a 
matter for inclusion in the present work ; [(dey^nce should he made 
to the classical viork of Hurter aijfJ T>ifficld, to whoso labours' 
the existing systems of ftieasuring plate-spe(‘ds ^ due,- as well as 
to later writings oif the same subject.'* 

Croat interest attach(‘d to the maimer in which the nuclei ^are 
distributed throughout the grains sporadically according to the 
laws of chance, and especially to the application of the quantum 
thtiory to iihotolysis.'* Rccimt researches have made it probable 
that the nucl(‘i — although they only become elh'ctive as such after 
exposure to the light or some similar treat<nent — may actually 
have existed, in som(5 sense, from the moment of the preparation 
of the emulsion. It is possible to rendei*» thi' grains developable 
by other treatment than exjiosure to lighV- for instance, by treat- 
ment with sodium arsenite solution. ]f after such a treatment, 
a plate is dev(‘loped with an ordinary d(*veloper, tin* reduction 
commences from nuclei which arr distributed throughout the 
grains in exactly the same sporadic manner as the nuclei ])roduced 
(apparently) by the action of light. ^ It is fairly (HTtain that the 
true nuclei consi.st of something in the grain which even before 
exposure was not silver bromide.^ Many authoriti(*s think that 
the true light-sensitive material is a small amount of colloidal silver 
which is inevitably pre.sent in the silver halide from the moment 
of its pn'cipitatiow. Jf so, it seems (‘oneeivable that the true 
function of the light is to cause coagulation of the colloid, thus 
causing at certain points aggregates large emaigh to act as nuclei 
for the reducing action of the (h'veloper ; it is known that light 
can cause the flocculation of a colloidal solution of a metal in water,’ 
although it seems rather less easy to ])ieturt‘ the phenomenon 
^ occurring in a crystal. An alt(*rnative view is that the light striking 
Uhe colloidal silver may, by the ordinary “ jihoto-electric erteet,” 
cause the splitting ()lT.o| an electron, whicli may be absorbed by 
^he silver halide around, and cause the decomposition of the latter. 

' A. P. 'H, Trivelli, F. L. Rigfitor and S. E. Shephard, P/ioto J. 46 (1922), 
407. 

* F. Hurtor and V. C. Drifiield, J. Sor. Chem, I ml. 9 (1890), 455. See 
also C. E. K. Moea, J. Hoy. Hoc. Arte. 68 (1920), G99 ; A. W. Porter and 
H. E. Slade, Phil. Man. 38 (1919), 187. 

* E. P. Wightman and S. E. Sh^hard, Bri{ J. Photo. 68 (1921), 169, give 

a good summary. < ^ , 

* J. Eggort anch W. Noddaek, Sitzungsber. Preuse. Akad. (1921), 631. 

» W. Clark, Brit. J. Photo. 69 (U22), 462. o 

* F. C. Toy, Phil. Mag. 44 (1922), 362. Compare F. F. Renwick, J. Soc. 
*Chem. Ind. 39 (1920), 166t. 

^ E. B. Sp^'ar, P. F. dortt^s, A. S. Neavc and M.*^ Sclilager, J. Amer. Chem, 
Hf'c. '43 (1921), 1385. ^ . f i 
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Such an idea is confirmed by recent work on tJio darkening of 
chloride en\ulsions * (^ee below ) ; the darkening is*slow at first, but 
afterwards l)ec?)nu‘atfast, appirtmtly iMTause the fr(‘shly-reduc(Hl 
"“silver itself acts as a liglt-sev^itive substance ; finally the action 
becomes slow agar.n, mainly because the*' reduced siher begins to 
obstruct the passage of light to the unchanged portions below. 

^ ^^rinting Papers. As already stated, the ordinary “ bromide” 
paper used for making jiositivcs is coati'd with an emulsion similar 
to that used for plates or films, although rather slower. “ (Jas- 
light ” paper is coated with a still slowca* (‘mulsion, whicli can bo 
develo|Xid with safety in diffused gaslight. Ikitli bromide and 
gaslight jiapers reeene no visibh* imagi* during ])rinting and require 
to be dev(‘lo])ed like plates. 

Amateur photograjihers oftiai pnder to us(‘ a “ }>rinting-out- 
paper,” or “ P.O.P, ’ 'i his is ])ajuT coated with a gelatine ('inulsion 
containing silver chicaide and silver citrate. If exposed fo bright 
light through a negativi*, a visible image is produced owing to the 
reduction of the citrate to form colloidal silver which, adsorbed 
upon the silver cnloride, gives one of the reddish adsorption-pro- 
ducts mentioiu'd abov(‘. Th(‘ fact that a visible iniagi^ is jiroduced 
is very convenient, since it (Miables the in(‘xpericnced,])hotogra])her 
to judge wh(‘n th(‘ printing is complete; it also dispenses with 
development. On th(‘ other hand, the image, if merely freed 
from unreduced silver salts by ‘‘ fixing in thiosulphate, would — 
in many cases— have an unpleasing yellowish- f)rown colour. It is 
therefore “ toned ” with a solution containing a gold salt in such a 
way that the silver is in part replaced by the still more noble metal 
gold. The finely-divided gold is black or bluish in colour, and the 
image assumes a hue which is pleasing to the eye. 

At present, most commercially ])repared pap(*f-s of the “ printing-^^ 
out*” type are .self-tonirig.” Either the })aperH themselves con- 
tain sufficient gold to cause the toning reaction to tak(i place wh^n 
the print is immersed in the fixing batli bf sodium thfosulphatc, 
or the compositioii of the emulsion is adjusted in some other w»y 
so as to give an imago of pleasing tint. The colour of the imago 
obtained on r.O.P. depends primarily on the size of the silver 
particles, being (like the colour of silver “ sols ”) reddish when the 
particles arc small, and bluish wh^n they ar4>iarge. 

Orthochromatip Plp?es.^ It is well known 4hat only light of 
high frequency is cajmble of affecting silver* salts. Ordinary 
(“ unbathed ”) piotographic places are practically only sensitive 
to the ultra-violet (invisible), violet and bluf rays ; red and yellow 

Weigert find W. 3choller, Si^dngsber. Akad, (1921), 641. 
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rays have no action u 2 X)n them. According to the quantiyn theory, 
the light Cinergy is taken up by the molecules (n definite propor- 
tions, probably one ciuantum for each^ ^^lolecul^. Kow in Hie case 
of the red rays a qK^intum is a conq)a^itiv(fy smalt parcel of energy, 
whereas in the ultra-violU rays (which have arniuch higher fre- 
quency) the quantuifi is a big parcel of energy, which may easily 
bo sufficient to bring about the deconqiositiun of the molecufc, 
where the small imrcel lirovichul by the red radiation would fail 
to do so. ‘ 

Now for many juirposes the fact that platc's are insensitive to 
red light is by no means a disadvantage ; it enables the photo- 
grapher, for instance, to use a ruby lamp for th6 process of develop- 
ment. It caus('s, however, comphdely wrong rejin'seiitation of 
colour VidiK's in the picture, since tlu^ rafs which mainly affect 
the eye are not those which mainly affi'ct ^ho plat(‘. It has been 
found that if fhe plate bo “bathed” in a solution of a suitable 
dye-stulT, it oft(Mi becomes sensitive to light of the colour absorbed 
by tlu^ dye. Thus erythrosino, a. which absorbs green light 
(and which ])ossesses therefore a reddi.sh c<»Iour) renders a i)late 
sensitive to green. The common “ orfhochromatic ” plate is a 
plate which lyis been bathed in sonu* dy(‘ of this character, and 
which has become* seaisitive to green and ])o.ssibly to yi'How' ; .such 
plates can still b(^ developed in ruby light. Other dyes, such as 
pinaverdol and j)inacyanol, render the plate si’iisitive to red rays. 

J^y choosing a suitable combination of dyes, it is possible to 
obtain a “ ])anchromatic ” plate sensitive to all the rays of the 
visible spectrum. Such a plate is best dov(‘loped in total darkness. 
Panchromatic plates are essential for colour ])hotography, and are 
grdfitly superior to ordinary plates for long-distances work.^ Ultra- 
violet light is so mivch absorbed by the atmos])hero that attempts 
to take photographs of distant sceneiy (mountains, etc.) \^1th 
plfltes in.seiLsitivc to tlie longer waves almost always lead to dis- 
appointnumt. On the* athcr hand, with panchromatic plates 
excellent results can bo obtained. 

1 Sir \V. tr. I’opo, J. ^'oc. Chem. Ind. 39 (1920), 309r. Soo also C. E. K. 
Meos, " TJio Photography of Coloured ’Objects ” (Wratten and Wainwright). 
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Atomic weight . . . 197-2 

The Metal 

The remaining element of Group Ib b, as is well known, a bright 
yellow metal, possessing an extraordinary degree of malleability. 
It can he beaten out to the very thinnest leaf, so thin as to bo 
quite translucent, \he light transmitted having a green colour. 
According to Beilby, gold leaf consists largely of amorphous gold, 
but still contains granules n-presenting portions of the original 
crystalline grains presthit in the east gold from which the leaf was 
prepared. V(‘ry thin gold wire can also be obtaiiu'd ; gold wire 
has a librouH structure; the fibres possibly repn-sent the remains 
of the elongated crystal grains.’ 

Pure gold is a somewhat soft nu-tal, nnu-h softer than those 
alloys us('d in jcw(‘ll('ry and coinage, which are commonly n-ferred 
to as “gold.’’ Tin; na-lti fig-point, 1,003 (A, is md far nunoved 
from that of copper. Gold is heavier than silvi^r, just as silver is 
heavier than copper ; the specific gravity (about 10*3) is higher 
than that of any other metal, outside the platinum group. It is 
a good conductor of heat and electricity, surpassing all metals 
except silver and copper in this respect. 

Finely-divided or porous gold may have almost any colour, 
according to the state of division. WhtTi an alloy of gold and silver 
containing excess of the latter is treati-d with nitric acid, the sftviT 
is dissolved, and the gold is left in a brown spongy form. On 
heating, this brown voluminous gold undergoes spontaneous siii- 
tering ; a considerable shrinkage takes jdace and the chariicteriRtic 
golden colour of the metal appears.* The change is aiialog()U8 to 
that noticed on heating the voluminous form of chromic ojyde 
(see Vol II, page 305). , 

The addition of stannous chloride to a gold chloride solution 
produces first a purple coloration and then a precipitate known 
as “ Purple of Cassius,’^ which consists essentially of finely-divided 
gold, but also contains vin oxide ; when sulplrMr dioxide or ferrous 
sulphate is employed as a reducing agent, tliQ precipitated gold 
is nearly black.’ Colloidal gold' has been discussed in Chapter VII 
(Vol. I). It is prepared in a ruby-coloured or scarlet form by the 

1 G. T.^ilby,*2^c. Hoy. Soc. 79 [A] (1*907), 463. 

> Hanriot, Comp^ Bend. 151 (1910), 1366; J52 (1911), 138. 
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^ reduction with formaldehyde of a very dilute gold chloride solution 
containing a trace of alkali. Small amounts’ Ji 8t)dium chloride 
(or oven srnaller quantities of calcium w aKiininlum chlorides) 
convert the red cillour of these solftiouff to puBplc or blue, the 
colour-change luiing due t^ the union of tlie smaller colloid particles 
^ to form secondary aggregate's. If sufficient salt is added, a dark 
precipitate of gold appears and settles to the bottom. • 

Just as silver is more noble than copper, so gold is more noble 
than silver, standing, in fact, ahead of all the better-known elements 
in the Potential Scries. It is neit readily attacked chemically, and 
such com])ounds as exist are easily re'eluccd to the metallic state. 
Gold remains untarnislu'd indefinitely when ex^)nscel to the atmo- 
sphere, and even when heaiteji in the air. It is not cxpe^ctcd, of 
course, that gold sheuild liberate hydrogen ft'om dilute acids ; but 
cv(‘n oxidizing acids, such as nitric or hot ^concentrated sulphuric 
acids (either of which will rcMidily dissolve cojiper or silver) have 
very little action upon gold. Tt has, howiwcr, bcim shown that 
nitric acid, and also hydrochloric acw4 in the presence of oxygen, 
have an appreciabli! solvent action upon brown (spongy) gold.^ 
The best solvent for gold is aqua ri'gia, a mixture of nitric and 
hydrochloric acids. This fuming liquid, which is sup])oscd to 
contain nascent chlorine, attacks gold readily with the formation 
of the chloride, AuC^ls. Gold is also soluble in potassium cyanide 
solution in the ])rescncc of dissolved oxygen. 

The anodic bchavi&ur ^ of gold is interesting. If an electrolytic 
cell is fitted with a gold anode immcr.sed in nitric acid (the con- 
centrated acid diluted with an equal quantity of water), the acid 
slowly becomes deep green ivnd then yellow-brown, indicating that 
the^old is passing into solution ; from the solution the compound 
H[Au(N 03 ) 4 |. 3 H 20 can bo isolated. Sulphuric acid behaves in a 
Amilar manner if moderately concentrated. In all cases, howevpr, 
the* current efficiency of the anodic dissolution is very low, rarely 
exceeding 4 per cent. In dilute sulphuric acid a gold anode be- 
co^es covered with a ruby-red crust of auric hydroxide, but very 
little gold jpasscs into solution. The behaviour of a gold anode 
in a potassium sulphate solution h similar. 

In a chloride solution, gold can be made to dissolve almost 
quantitatively at a Iqij^ current density, but if the E.M.F. applied 
to a cell fitted with a gold anode is allowi?d to become too high, 
the gold may Wpine passive, and dissolution {jractically ceases, 

« ‘ * 

^ Hanriot and F. Raoult, Gomptes Rend, 155 (1912), 1086. 

»F. H. Jeffory, Trann. ^aradqy Soc. 11 (1915-10), 172. See also V. 
Lenher, J. Atner. Chem. 26,(1904), 660 ; \V. G, Mixtyer, J. Amer. Chem, 
5oc.r33 (1911), 688. ^ ' It 
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the current thereafter being used in the production of free chlorine.^ 
In a potassium cjraiiide solution, a gold anodo*usunlly dissolves 
at a hi^ current effteiei?5y' provided the eoiieentration of potassium 
' cyanide is kept y^y-twcen abft^ t 1 ])er ecMit. aiu^ 3 per cent. 

Laboratory Preparation. xMmost any metal exe('})t those of 
the platinum group, when brought into contact with a gold salt 
^ solution, becomes covered with a layer of Aehcty gold, the more 
reactive metal passing into solution. A similar r(‘diiction of i^old 
to fho metallic state can be brought about- as already mentioned 
— by reducing agents, such as ferrous sulphate, sulphur dioxide, 
or stannous chloride. Furthermore, most compounds of gold de- 
compose spontaneo^lsly u})on heating, with the production of the 
metal in a dark form. Kinely-di\ ided gold is converted to the 
coherent metal by melting in a crucible of clay or ])lumbago. 3'he 
metal is difficult to obtain directly from its e()m])ounds in the 
characteristic compact form at low t<*m])eratur('s, although the 
electrolysis of a cyanide solution, such as is used for plating, may 
be employed for the purjx)!. . 

In making ])ure gold from the impure material, it is best to 
dissolve it in aqua regia ; the solution of gold (diloride obtained, 
diluted and scparat('d from any insoluble silver chloride that may 
b€‘- present, is rcduc('d with sul])hur dioxide. The precipitated 
gold is washed until free from chlorides, dried and remeltcd in a 
crucible. If necessary the process may hi^ re])eated.2 

Compounds 

Gold, like copper, but unlike silver, is^a metal of variable valency ; 
accordingly it is interesting to note that nxxst of the compounds 
are coloured. The main compounds ar<‘. tho!^^ in which tlu; metal 
is either monovalent or trivalent, the latter s(‘ries being the moio 
stable. Gold has a much greater affinity for chlorine and, for 
cyanogen, than for oxygen; in fact, the, oxides xie unstable and 
somewhat difficult to prepare. In each case it will be eoiivcnicnt 
to consider the chloride first. 

A. Compounds of Trivalent* Gold (Auric Compounds). 

Auric chloride (gold trichloride) ^ AuCK, is obtaiiu^d by the 
dissolution of gold in aqua regi^. The yellW solution obtained 
can be evaporated on a wxter-bath, until th^excess of acid and 
water is drivem off. ’The residue obtained is*, howev(;r, apt to 
contain a little aurous chloride, formed by partial decomposition 

' A. Coehn and C. C. Jacqpsen, Zeitsch* Anor^ Chem. 55 (1907), 321, 

^ Sir T. K. •Rose, “ f’recious Mcttds ” (Const \ble). • 
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^of tho auric chloride. Auric chloride forms orange- red, crystals, 
of the coinpositioA AUCI 3 . 2 H 8 O ; the solution his a yellow colour. 

It may bo prepared in the anhydrous state lly tlfe action of Alorine 
gas upon gold powdfT ; tho anhydroul chkfride is By heating ^ 
to 185° C., auric chloride evolves chlorine, and leaves aurous chloride, 

^AuCl ; continued hdkting at this temperature, however, finally 
produces metallic gold. Auric chloride combines with the chloridAj 
of tho alkali metals to form complex salts, which contain tho gold 
in tho anion, and can be compared with the complex cyanides 
formed by silver and copper. By careful crystallization of gold 
chloride solutions (iontaining potassium chloride, potassium auri- 
chloridc, KCl.AuCHa or K[Au(dJ, is obtained *in yellow crystals. 

It may be regarded as the potassium salt of auri -chloric acid, 
H[AuCl 4 | ; the acid may itself be pri^paretl by the addition of 
hydrochloric acid to an aurk^ chloride sortition, and by careful 
evaporation. Auri-chloric acid crystallizes in yellow needles con- 
taining thr(!c mol(‘cules of water of crystallization. 

Analogous compounds are known c<»itaining bromine and iodine 
instead of chloriiu'. Auric bromide is best obtained by the direct 
union of gold and bromine, whereas auric iodide, liciiig rather 
insoluble, is conveniently prepared by double decomposition of the 
chloride with ])otas.sium iodide ; it is a dark green, very unstable ‘ 
body, which decomposi's even at ordinary temperature into aurous 
iodide and iodine. 

Auric oxide is b^st obtained from tho chloride. When auric 
chloride is precipitated with magnesium hydroxide, orange auric 
hydroxide is produced ; when dried over jihosphorus pentoxide 
for some weeks the prodiu^tf has the composition AuO(OH) ; on 
lengthy heating at 140° C., wo obtain auric oxide, AU 2 O 3 , a brown 
powder. This is itself very easily decomposed by further heating 
to gold and oxygen. When the auric hydrbxide is heated at 160°<1. 
it i^said to yield an intermediate oxide, AiiO, which is also a brown 
powder. * * • 

AiUric oxide, unlike the oxides of most metals, is distinctly 
endothermis—a fact that no doubt explains why it cannot be 
prepared Jiy the direct union of gold and oxygen. 

It is difficult to obtain salts of gold with oxy- acids. Auric 
hydroxide dissolves i» •sulphinic ^ind in nitric acids, but the solu- 
tions obtained are /iadily hydrolysed, an(f auric^ hydroxide again 
appears when they«aro diluted. If the solu^on of auric hydroxide 
in nitric acid is evaporated at 60-8(1° C., and then allowed to stand 
for^ some hours over soda-lime, crystals of an acid nitrate, 
AulNOala.HNOa.SHgO fcafi be* obtained;, it js* generally regarded 
as auri -nitric acid, JEI[‘Au(N0,)4j.SHj0. The same compound is 
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obtained electrolytically ip a divided cell fitted with a gold anode 
surrounded by niirfe acid. Th(' solution in anodes compart- 
ment becomes deejf grein, then yc'.l low- brown ; if the ycllow-brora 
'^solution is placc^dl in a vaciiam desiccator ov«* concentrated sul- 
phuric acid with a vessel containing sticks of sodium hydroxide 
close to it, the free nitric acid evaporates and auri-nitric acid is . ** 
obtained.^ When heated at 12'’ C , auri-nitric acid melts and 
commences to give off nitric acid ; finally a blackish residue is 
obttiincd, which may contain the normal nitrate Au(N03)3, although 
it is clearly partly decom])osed.2 

Auric sulphide, AiuSa, is not produced in a pun' state when 
sulphuretted hydrogen is passed through a solution of auric? chloride 
(or auri-chloric acid), since partial reduction always occurs and 
the black precijiitate is mixed with metallic gold, sulphuric acid 
being formed at the same time.'^ Auric sul])hidc can, however, 
be formed by the action of hydrogen sul])hide on a dry auric salt 
at low tenijHTatures. For this ])urpos(^ diy lithium auri-chlorido 
(LiCl.AuFl ).2Id2G) is convefttl'iit ; if ('xposed to hydrogen sulphide 
gas at - -Kl ’C!. it turns Jbrown, auric sulphide being produced. 
Th(5 jiroduct can ho washed free from lithium chloride by means 
of alcohol, and any iincombiiied sulphur present- njay be ic'inoved 
by jneans of carbon disulphide.'* 1’he use f>f potassium auri- 
chloride for making the 8ul])hidc is unsuitable, since potassium 
chloride is insoluble in alcohol, and auric sulphide, if washed with 
water, would decompose. The sulphide is It black body. 

Whilst the basic character of auri(? oxide is most feeble, it has 
certain acidic ])ropertics. For instance', on evaporating auric 
hydroxide with caustic pota.sh //* vacuo, potassium aurate 
KAuGg-SHA) (or K.O.AuaOa.CHaO) is formed in yellow ne?dles. 

B. Compounds of Monovalent Gold (Aurous CompoundsJR 

Aurous chloride, AuCl, is, as already statefl, formed \fhen 
auric chloride is heated to 18 . 5 ^ C. It is -a yellow )>ow\l(*r, Hc?ircely 
dissolved by cold water, although by warm water it is slywly 
decomposed, auric chloride and metallic gold being produced, 

3 AuCl -=2 Au -i- And,. 

Like auric chloride, aurous chloride forms a complex salt, K[AuCl3], 
with potassium chlori(Je, which ^;an conv 5 nVntly be obtained by 
heating potassium auri-cliirjride, KAUCI4. ' 

* F. H. Jeffer^, Trans. Faraday fioc. 11 (1915-16), 172, 

* H. Wohlwill, " Abeggs Handbuch der Anorganischen Chemie,” II, 

826 (Hirzcl). , - 

* A. Gutbier and E.|Durijw'acliter, Zeitwh. Ahorg. Chem. 121 (1922), 266. 

* U. Antoify and A. Lucchesi, OdtzeUa, (1890), 601. * 

• • 
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On precipitation with dilute potassium hydroxide it yields aurous 
hydroxide, AuOH, which if heated at 200^^0. 4{:i(&es water, leaving 
the violet aurous oxide, AuaO. Since tlis dxide* itself llecom- 
poses into gold and^)xygeii at about 250' (f., the p^-cparation must 
obviously be carried out With care. 

^ The most stable of the aurous compounds are the complex 
cyanides, formed when metallic gold dissolves in a (\vanide solution , 
containing dissolved oxygen. Just like copper and silver, gold 
behaves less like a noble metal towards a solution of a cyanide 
than to any other reagcMit, aiid the exjdanation is the same, namely 
that gold passes into the anionic condition in the presence of 
cyanogen ions. The dissolution of gold by potastsium (;yanide only 
proceeds, howt'vcr, if dissolved oxygen, or some other oxidiziiig 
dcpolarizcT, is present to rmndve tin; hydrogt'ii as (piickly as it is 
formed. Jly the reaction of diss(>lved oxygen on the hydrogen, 
hydrog('n ptToxide as w('ll as water may be formed. The reaction 
may b(i expressed in ionic language thiis:-- 

At the anodic areaa of the gold surftlVe, 

An 1-2(CN)' - [Au(CN),]' -{ c 

At the cathodic areas H‘ J c 11 

followed by either 2H d ().^ - - ILOj 

or, allermtivehf, 2H -|- C ^ 

On the assinnption that all the hydrogcui is oxidized to hydrogen 
peroxide, wo can write the complete reaction, thus ; — 

2Au d- 4(CN)' d- 2H‘ d' 0^ - 2[Au(CN)J' d- HoO., 
or in^ non-ionic language, • 

2Au -f- 4KCN d- 2HaO d 0. ^ 2K[Au(CN)2l d* 2K0H d- 

^Potassium aurocyanide, K[Au(CN) 2 ],'is best prepared by the 
elecClrolytic attack of a gold anode immersed in potassium cyanide 
solution. It* can bo obtft-iiKjd also by the action of potassium 
cyaiude upon finely-divided gold, in the presence of air, ov upon 
aurous oxid». It may bo isolated by crystallization in colourless 
rhombic o^tahedra. * 

C. Miscellanesous Qxapounds^ 

Fulminating Go(a. When concentrated ammonia is allowed 
to act upon auric hj^droxido it converts the latter ijito a yellowish 
or greenish substance ; this substance may be dried \\ithout de- 
composition, but explod^ with violence if struck with a hammer 
or heated. The body h^s the compositidh AtNjHs. •!! is prob- 
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ably to be regtfrded as derived from two molecules of ammonii 
by the rt>placem(yit of part of the hydrogen bf gold. Thus, < 
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Auric hydroxide. 


Ammonia. 

Fulminating gold. 


The precipitate obtained by the action of aqiu'oiis ammonia upon 
auric chloride consists of the same substance mixed witli its deriva- 
tive, NH : AuCl. 


• Analytical 

Owing to the ('xccptional case with which gold is rcdiiced to the 
metallic state, it is not sui^ising that practically all tlic methods 
for the detection and esiiniation of the ])r(‘eioiis metal depend 
upon this change. Gold is rccogniz(‘d in solution by the precipitate 
of finely -divided metal obtained by the addition of stannous 
eldoridc or ferrous s\d})bat(‘. Solid compounds of^^^old, on heating 
with charcoal before the blowpipe, give a malhable b(‘ad of the 
yellow metal, which is not alTccted by heating in the oxidizing 
flame. ^ 

Since the baser metals arc not reduced to the metallic state by 
ferrous sulphate, th(^ s(‘paration of gold when present in solution 
as chloride is easily accomplished by th(‘ addition of that reagent. 
Conversely, a rajiid separation of Hr’ gol<l present in an allo^from 
the other metals is often possible, owing to tlie fact that metallic 
gold remains unchanged under conditinns wfiicli cause other me^ls 
fo become oxidized. When an alloy ef gold and silver is treaTed 
with nitric acid, “ jiarting ” oc<*urs, th(* gold being left behind as a 
brownish residue, whilst the silver jSusses into solution The 
estimation of gold in a lead-gold alloy may be determintid by 
roasting the material on a bone-ash cujxil ; under these conditions 
all the lead is oxidized, while the gf>ld is left as met^l. 

The dry assay of gold ^ in an <)re is brought about by the use 
of lead as a collector, as in the dry of silver. A weighed 

quantity of oi^ is mixed with lead oxidK potassium cyanide, 
sodium carbqiiate and iron, and the whole is heated. The iron 
reduces the lead to the metallic state, and the molten metal dis- 

' For full details •£ different variations of tiyi method, see Sir T. K. Hose, 
“ Metallurgy of Golc#’ (Cltiffin).^ ^ , 



no METALS ANb METALLIC COMPOUNDS 

« A 

Solves all the silver and gold present! T^c button* of lead obtained 
is then cupelled, ^which brings about the oxidation of the more 
reactive metal, and leaves a silver-gold all^iy. ihi^ is “ parted ” 
by the continued action of boiling nitric and the undissolved 
gold is weighed. Iflost g^)ld ores contain enough' silver to bring 
the silver content of the alloy obtained up to the proportion needed 
‘for successful })arting ; but if the necessary amount of silver is 
not already present, it must be added. 

In the assay of gold bullion, a cupellation method is often uspd. 

A weighed Bam])le of the liullion — along with sufticient silver to 
ensure successful ]nirting — is wrapped up in lead foil, and subjected 
to cupellation, and then to parting. R(‘cently another method 
has been worked out, in which the weigh(‘,d sample of bullion is 
melted down with excess of ^‘opper, giving a copper-gold alloy, 
which is “ parted ” with acid, leaving the gold iindissolved.^ 

Gold can also be estimated eleetrolytically. Potassium cyanide 
is usually added to the solution containing gold bidorc the opera- 
tion, to form a complex cyanide, and by electrolysis the whole 
of tlie gold may be deposited as a smdClh coating upon a platinum 
gauze cathode. 

Hic separation of gold from platinum was discussed in connection 
with the latter .metal (Vol. III). 

TeKRESTKIA L 0('( errence 

Gold must have bo^n prm'nt only in very minute traces in the 
original rock-magma, but during the consolidation of igneous 
intrusions it has, like so many metals, become to some extent 
concentrated in jiarticular poFtions. The metal is found in appre- 
ciabl<5 quantities in certain veins of quartz and pegmatite which 
are connected with intrusive rocks of sub-acidic character such as 
grUno-dioritc. Pndiably most gold-bearhig quartz-veins went^ 
actually deposited by the hot waters expelled from the igneous 
mass in the ^nal stages of Uie consolidation.- Since gold is one 
of the vein-metals which is deposited deep down in the earth’s 
crust close tq the intrusive mass from which it is diTived, many of 
the important gold-fields of the Avofld are connected with earth- 
movementa*of the very earliest (pre-Cambri&n) times.® 

The gold sparsely dispersed t^jroughout the quartz veins is 
mainly in the mctal^ state— a fact by n6 means surprising in 

‘ A. Westwood, J. Inst. Met. 27 (1922)? 307. * * 

• Compare •!. E. Spuir, Econ. Oeol, 1 (1906), 369 ; H. C. Cooke, Econ. 
OeoUU (1919), 281. 

» J. W. Gregory, Trans. 121 (192^), 7|r. ^ 
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view of the chemical char^ter^of the element. But it ako appear® 
to be p^Q^ent in particles of pyrites possibly in^olid solution, or ^ 
perhaps in intimsil^ intergro\\'th. The close association of gold 
and p^ites in nature ^ certainly very remarliable. 

^ The grains of <metal mund^in nature are, Itbwever, in no case 
pure gold, but almost always contain silver, or in some eases 
mercury, copper, bismuth, or palladium. In addition to grains of# 
• ilfetallic gold, certain so-called “ tellurides ” of gold and silver are 
found in nature ; some of these, like 

Calaverite . . . (Au,Ag)Te 2 , 

have been assigned definite formula?, although it is a disputed 
question as to wh<?ther they are really eht^mieal compounds, or 
whether they should not be regarded as gold-tellurium alloys.^ 

By the weathering# and breaking up of auriferous veins and 
rocks, gold-grains are ^vashed into the rivers that fiow from hills 
composed of such rocks ; hut owing to the high s])ecific gravity 
of gold, the particles are dropjX'd™ along with the heavier sand 
particles — as soon as the v^)ciiy of the stream becomes slightly 
reduced. Thus placers and gold-gravels are formed. Sometimes 
the rich gold-hearing sand is to he found within the present hed 
of the stream ; sometimes the course of the stream may liavo 
changed since the jilaeers were formed, and the gcfld hods are no 
longer below the surface of th(‘ water. Perhaps, as a result of 
climatic changes, or of earth moviMuents, the rivers which d(‘posited 
the gold-hearing alluvium have ceased to exii^. Thc^ older ])lacers 
are often covered up with more recent matiTial, sometimes of 
volcanic origin, which is free from gold 
Whilst, however, a very large* number of gold IkhIs have been 
formed by the simple mevJmnical transport of gold-grains fron^the 
original veins to the present position through the agemey of running 
water, yet in several important cases it is ch'ar that the goy 
ha*8 been dissolved chcrnicalhj at one* point and preeapitated afiTsh 
at another. Thus secondary enrichmeait has oc( urred. Perric 
chloride, which may be found when * saline waters have access 
to weathered iron minerals, has an appreciable solvent actj{;’i* on 
gold. It is likely that th(? presence of manganese hat^ also })een 
an important factor in causing the dissolution of the metal. ^ 
Minerals like pyrolusite will react with sodium chloride to produce 
a certain amount of freg chlorinef which has ’^^very marked action 

* V. Lenher, J. \mcx, Chetif. Soc. 24 (1002), 355 ?, B. Brauner, Trans. 

Ghem. Soc. 55 (1«89), 39l. • 

* W. H. Emmoas, Trans. Atner. Innt. Min. Eng. 42 (1911), 4. A dilToront 

view of the function of mangancso in produoinK enrifdirnont i« given by,V, 
Lenlier, Econ. Qeol. 9»U914J, 523. ^ 

• * *4 * V J 
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•on gold. Whatever the nature of*thc solvent, there seems little 
doubt but that ^old has becm dissolved at certain places and pre- 
cipitated, often in crystalline or dendritic^ /rowjhs, at points 
originally free from gold. 'i'h(i iisuaj prj^cipitants appear to bo 
pyrites, or fcrroutf conii^oiinds obtained from the weathering o^ 
pyrites, which are able to elT(‘ct the reduction of the gold to the 
metallic state. But* basic minerals, such as calcium carbonate, 
may favour the precipitation of gold, the compounds of which aVe*’ 
more stable in the presence of acid than in the presence of alkali.^ 

The origin of the rich gold-r(‘efs of the Witwatersrand in South 
Africa has led to much discussion.- The reefs are a scries of con- 
glomerates, which occur at numerous different horizons, being 
separated by softer beds ; the gold is jiraetically confliK'd to the 
conglomerates. The whole si^ries is of very early geological origin, 
b(‘ing possibly of pre-('ambrian age. The material of the con- 
glomerate (“Banket”) consists of quartz* pebbles set in a finer 
matrix ; in the matrix, especially at certain horizons, there are 
numerous grains of gold. As a rule, conglonu'rates represent old 
consol idatc'd beach-shingh's, and thf^Band conglomerate may be 
of this characU'r ; there is some (‘vidence that th(‘ shingles accu- 
mulated in or luvir tlH‘ delta of a large riviT. It is probable that 
th(' same rive^* brought down tlu‘ gold-grains derived from the 
weathering of gold-bearing rocks in the hills where the river rose, 
and dropjied tlnun along with th(‘ other h(*avy jiarticles in the 
delta or round the coast of the sea into which it flowed. .It is 
notew’orthy that ])rftnary ipiartz veins are known to occur in the 
Transvaal, although their eommercial importance is small compared 
to that of the conglomerate. *«' 

According to the view just, expressed, whicdi is now widely held, 
thclltand deposits must be regarded as marine or estuarine placers. 
Some geologists, however, have expressed the opinion that the 
?onglom(Tates were free from gold whert they accumulated, and 
thfilt the metal has subsequently been introduced by means of water 
percolating* through thc’botls. Certainly some of the gold, which 
is qf an arborescent character, would seem to have been deposited 
from solution, and bears no signs of mechanical transport. But 
this does not necessarily mean that the “ placer theory ” is in- 
correct, because — in view of the age of the deposits — it is quite 
to be expected that at^somc poipts the original gold-grains should 
have been attackec^y infiltering waters, fho gold being reprecipi- 

^ Compare V. Lenher, Econ. Qeol, 13 (1918), IQl. 

• E. T. Mollor, Trans. Inst. Min. MU. 25 (1916), 226*; J. W. Gregory, 
Econ. Oeol. 4 (1W9), 118; Trans. Inst. Min. Met. 17 (1907-8), 2; Trans. 
Omn. Soc. 121 (1922), 766^ G. F, Becker, Econ. Qeol. 4 (1909), 373 ; G. A. 
Doiiny, Econ. Qeol. 4 (1900), 470. 
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tated at other paints where the conditions were favourable. On 
the whole •the placer theory may be accepted, at lc€st provisionally. 

The richnesi^ of \|re Rand deposits may be j)Alged by the fact 
that the Transvaal c(>ii|ribi*^‘d in 1019 abouj/ twodifths of the 
Vorld’s output. A])art from the Rand, ithe main gold areas are 
to be found around the Paeilic ore-circle. iStarting as usual on 
the South American side, we find gold in Peru, and also, along with 
•pl&tinum, in Columbia. There are rich deposits in Califofnia, 
Colorado, Nevada, and British Columbia ; the dej)oaits become 
especially rich in Alaska. Gold occurs in Korea, in Ja])an, and in 
the ]>utch Indies ; it becomes extremedy important in Australia, 
and appears also New Zealand. 

Other important gold-producing regions ineludt^ the Porcupine 
district in Ontario, vari^,>us })laees in \Ye.st Africa (notably the Gold 
Coast where gold-bearing conglomerates are found), and the Kohir 
Gold-field of Mysore (India). In normal timt'S the Ural Mountains, 
besides being a producer of platinum, yield a consideralde amount 
of gold. ^ 

Metalijjroy * and Uses 

The difficulties eonnect(‘d nith the winning of metallic gold from 
gold ore are simply due t<' the fact that th(‘ gold occurs sparsely 
diSHiMninatcd through a gn‘at volume of uort bless material. Since 
the gold is generally, in the lir.st instance, in the metallic state, 
there is no metallurgy in the stricter Mmse of th(‘ word, and tlio 
winning of gold may be rfgarded as sonu'what analogous to the 
“concentration’’ of the ores of other metals. 
jjC Phc separati on of ^e gold tiarti cles from ^1»‘ 
with which it occurT d(>pend.s upon three distinct dilfcxtuitialwg 

(1) Gold is heavier than all the materials occurring with it. If'j 
the finely-powdered guld-bearing matter Ixi suspended in a flowing 
stream of water, running with a carefiilly adjusted velocity, the 
stream will “drojU’ the gold-grains, but carry off the ligh\er 
particles^ 

(2) Gold is soluble in mercury, and grains of tlie metal when 

brought in contact with mercury, or with an amalgamated mrface, 
will stick to it, whereas tlte rocky matter will pass over the mercury 
without adhering, • ** \ 

(3) Gold is soluble in a solution of a cyanide sdHution in presence 
of air, whereas the siliceous con.stituents are not. ^Therefore traces 
of metallic gold may be leached out chemically by cyanide, and 
the solution obtained can afterwards be JreateiJ with zinc, aluminiunt 

* Sir T.^K. Ro8e,1‘‘ Ttte Mot^ljurgy erf Gcjd ” (Griflfin). • 

M.O.— VOL. IV. 
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or even carbon, ^ give metallic gold. Chlorine Vas at once time 
* also used as a lelching agent, but its eraployra^it has lafgely been 
abandoned in faVjur of that of potassiujn or sodium cyanide. 

Sometimes thes^ three methods ai|*iipjfiied in turn in the treat-^ 
ment of the same auriferous material, but the procedure will 
‘ ^ clearly vary very much according as th(^ material to be treated 
is— 

(a) A gravel or sand situated at the edge of an existing river 

or creek ; 

(b) a gravel or sand existing in the centre of the bed of an 

existing river ; 

(c) an old placer di^jiosit situated far away from existing rivers ; 

(d) the original veins of hard auriferous ipiartz, or other hard 

deposits of a secondary character \such as the “ banket 

of the Rand). * 

) Where the rich sands exist at the edge of an existing 
river, comparatively primitive metj.u)d8 siifHce to extract a con- 
siderable proportion of the valui^de constituent. The simplest 
method of all is “ panning,” used mainly by the prospector. A 
circular iron pan, about a foot in diameter, is partly fdlcd w'ith the 
“ pay-dirt ” and covered with water ; the dirt is then broken up 
by the hands as far as possible, and a peculiar swirling motion is 
imparted to the pan whereby the lighter constituents pass over 
the edge, and thc< gohl -along with the stones and heavier sand- 
grains— remain in the pan. 

When the workings becoim^ developed, more elaborate methods 
are introduc(‘d, sluices usually being installed. In these a sus- 
pension of “ dirt ” and water is made to How down a narrow 
channel formed hy^a series of long narrow boxes of wood planking, 

' arranged at a slight gradient (see Fig. 14). The bottom of the 
\pxes is crossed by a series of wood strips or “ riffle bars,” R, set 
at right angles to the^ direction in which the dirt is travelling ; 
occasionally they are arranged in a zig-zag fashion. As the dirt 
passes along the channel, the heavy j)articles of gold tend to sink, 
and get caught behind the riffle bars, whilst the lighter constituents 
are cariied over the riffle bars, and pass out at the end of the series 
of boxes. 

Although “ sluijfri^ ” is primarily a mejbhod of gravity separation, 
mercury is often introduced into the, riffles, and undoubtedly serves 
to catch many df the finer particles of gold, which would otherwise 
bo carried away by the w'ater. Periodically (perhaps once a week) 
•the sluices are “ cleaned up.” ; the contents of the riffles containing 
mercury are strained, ^kimme^. and^ther. distilled in retorts, so 
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as to separat-e the gold from the mercury, wliicjl should largely 
be recovered and m'd again. 

The dirt passing \)ut 'rom the end of the sh ices still contains 
■%ie particles of gold, and is sometimes passed ovTr a series of 
“ amalgamated plates,” which serve to catch a furtluT quantity 
of the precious metal. The plates consist of ct)pper or Muntz 
raital ; they are pn^pared for use by cleaning with acid or cyanide, 
and are then amalgamated by being rubbed with mercury, and 
afterwards, as a rule, with an amalgam of mercury and gold: 
they are then ready for use for tlie catching of gold. 

A large proportion of the gold particles whicli liavc^ escaped 
through tJie sluiec-bTjx system are caught uj)on these ])lates, if the 
mercury surface is kept clean. Tlkc re is, liowever, a teiuh'ncy for 
the mercury surface to ' foul ” or “ sicken ” by becoming covered 
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Fio. 14.— Slui(‘o-Box .S^rttotn. 


with a film of oxide or snlphide (or sometimes greas(*). 0'h(‘ jm*- 
eautions taken to prevent mercury fro/)i fouling n^scmble thos(' 
taken to prote<:t common metals (steel or brass) fr(un corrosion. 
If strips of a more reactive metal like i.on be placed in eoiita ;t 
with the mercury, both being under the stream of aqueous o tf- 
pulp, the* mercury surface will b(; kej)t eatliodically polari/t'd, 
which will prevent the formation of an oxide-filn). Any oxidation 
which occurs will proceed at the expense of the iron, and the 
mercury surface will remain bright ^)r quick 
Another plan is to disstlve a little sodium in the mercury. If 
any oxidation occufb to a souium amalgam, it is* certain that it 
will be the reactivt sodium which is first attacked, and since sodium 
hjrdroxide is soluble this will not in any way block or render less ■ 
active the mercury sur^c.^ It is found. thA amalgams of /ner- 
cuiy with zinc* or cadmium are aiso useful, being less liable to 
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• fouling than pi^e mercury.^ Where Muntz metal plates are em- 

ployed, the mef^y is likely to absorb a lit^l^, ",inc, and possibly 
the advantage oiMuntz metal plates for^he purpose may depend 
upon this fact. • #' • ^ 

The gold-amalgam wliich collects on the plates is scraped ojff 

• from time to time, strained and distilled in iron retorts. The gold 
remains in a porous form and requires remelting to yield ingQts, 

The amalgamation process does not usually extract the last 
traci's of gold from tlie ore. For part may survive as fine “ float- 
gold ” which remains in suspension in the water, or more often 
clinging to the air- water interface. Again, it does not extract 
grains of “ rusty ” gold, which have their surfaces covered with 
a film of grease or sulphido— a condition that will hinder the adhe- 
sion to the mercury. Finally, amalgamatif)n ch^arly cannot extract 
any gold which may exist within the giains of pyrites or other 
mineral. These forms of gold are generally lost, unless the material 
issuing from the sluices is treated by means of cyanide or other 
chemical leaching agent. 

It should 1)0 pointed out that the actual catching ” of gold 
grains by amalgamated plates is a process of surface adliesion ; 
the dissolution of the adhering gold in the mercury to form an 
amalgam occurs slowly after the grains have been (;aught. How- 
ever, the surface adhesion and solubility of substances arc so 
closely (^onneeded that it is unnecessary to distinguish further 
betw'C'on the two l^tages in the ])rocess. 

Where the gold-bearing deposit to be worked lies at 
the bottom of a river, the only profitabk; method in most cases 
is by dredging. Gold dredges are square-ended boats, some of 
vt'hich are designed to float freely in the stream which is being 
di'edged, but others ('‘ paddock di-edges") are able to cut their 
way through the bed of a partially /.tried stream. The curious 
feature of paddock dredging is that the dredge floats in an arti- 
ficially-made pond, ajid, then carries the pond along with it.” ^ 
paddock dredges are most useful for working gravels in river-beds 
where tjiero is not a sufficient gradient for sluicing. • 

Most dredges are worked on the familiar “ bucket ” system, 
which is so often seen upon dredges qsed for keeping navigable 
the channels of q^^nary rivers and harbours. An endless chain 
of buckets is carried on rollers resting qn a steel ladder, and serves 
to scoop up tl^o gravel from the liver bottom, and to convey it 
to screens situated in the centra of the \^ssel. The coarse material 

^ C. H. Aaron, Eng.^Min, J. 48 (1889), 118. 

• C. Longridge, Wo^|d and Tin Di|pdgii(^,” Third Edition 
‘ Journal), p. 78. ' » 



GOLD 117 

• 

which fails to pass through these screens ])asscs to^another bucket- 
conveyer which dim^ps this worthless matter well to the stern of 
the dre(^o, so thatVt will not be seoo])ed up a,, icconcl time. The 
finer material passing tiiFough the screens, ru? s f)V('r a series of 
gold-saving tables ; these are similar in principle to the sluice- 
boxes refeiTcd to above, but are mon* elaborate', and produce a 
j^re efficient extraction, l^iffles may be used ti) catch the largc'r 
particles of gpid, but finer particles are usually caught by passing the 
material over tables covered with coco-nut matting, calico, or plush. 
Mercury is used with some kinds of gravels, but, in Tuany cases, 
is found to b('Come “ foul " (piiekly, and is h'ss enieic'iit than 
matting. The disebarge from the tables is (‘it her returned to tlu^ 
river at the stern of the boat, or is in some ease's ]>il(‘d u]) on th(3 
bank. 

The system of drc'dging was largely (h'veloped in New Z('aland, 
and was also a|)})lied ('arly in (’alifornia : it has since bc'cn adopU'd 
on the rivers of ilritish (’olumbia and Alaska, where it is con- 
sidered to have an importmjt future. 

(c) Where the position of the gold deposit is far from a 
river at the ])resent time, the chief ditlicultic's an* coneerm'd ^^th 
the necessary sujiply of ^\ater. Often pijic-lines havi' bc(‘n laid for 
coT‘sid('rable distances in ord('r to bring an adi'ipjate supply of 
water to the g(dd-fields.^ Since the brackish or bitter wat(‘rs of 
desert regions commonly contain magnesium and sodium chlorides 
in considerable (juantities, there is likely to N' trouble owing to 
the corrosioTi of the jiipo lim^s in such pla(*es ; this trouble has 
been experienced particularly in W'esh'rn Australia. In (California, 
where there is in most parts a considerable local rainfall during 
certain parts of the yi'ar, the water-suj)}>ly has bei'ii obtaim'd tl^y 
the construction of reservoirs. When once the adequate supply 
of water, preferably at a moderately high pressun^, is at hand, tho 
W’oshing of the old jilac'cr deposit prchents no sp('cial <lithculty. 
A jet of water may be directed upon the goId-b(‘arine material, 
and tho water, carrying the sand in HUs])ension, runs :t'i thri/.igh 
a series of sluice-boxes ; if the sujiply of water is restricted, ^hby 
should be designed in such a way as to use the minimura'quantity. 

Often in w'orking old dry placer deposits it will be found that the 
beds which are now on tffe .surface contain little or no gold. Wher(^ 
the supply of water and the pressure is sufficient, it is convenient 
to remove this toj^layer of comparatively worthless matter by the 
disintegrating action of#a water-jet, until the ridher bed below is 
reached ; this method, known as hydraulic mining, was largely 
developed in California. ^ 

» See N.,A. Loggm, Tfans. Ire*.. Min? Me*. 20 (1910-11), 17#. 
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(d) Treatment of hard deposits. Wherever'in a gold-district 
the comparatively soft placer deposits are apnroaching eichaustion, 
attempts are maJW to extract gold from the o/ginal vein^of hard 
quartz. Moreove^ in certain places* anef notably the Transvaal^ 
deposits, although of a sfccondary character, are so hard as to call 
for similar treatment}. In such cases the first part of the process 
consists in crushing the rock between the jaws of rock-breakcj^ 
and then stamping it to a small size in a stamp battery ; ^ often 
the grinding is completed in tube mills. A stamp battery (Figr 16) 
consists essentially of a row of giant pestles and mortars made of 
iron or steel, the pestles being raised by mechanical means and 
then allowed to fall by gravity into the mortar. (Tcncrally there 



rre about five “stamps” or pestles to each mortar, which may 
be a rectangular box 5 ft. long and 1 ft. wide. The ore is fed into 
the mortar at A in pieces of about 1|~2 in. diameter, and the 
fine particles produced by the stamping are carried of! by a current 
of ^vater through the screens S in the front of the battery ; the 
screens, which have holes of Ai-Vo i*i- diameter, serve to prevent 
the unerftshod material from being swept or splashed out of the 
mortar. Often mercury is introduced int6 the stamps, and a great 
deal of the gold is thus' extracted* before thg pulp leaves the battery. 
The pulp flowing fiom the battery soi^etimes parses over a system 
of amalgamated jdates, which retain a fufther cyuantity of gold. 

,^See F. A. Thomson, "Stamp Milling and Cyaniding" (MoGraw Hill). 
Also W. A. Caldecott, Tmis. Imi. Min. Met. 19 a»09-i0), 67, for the de- 
velopment of the heavy stomps on the Ran<^ 
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In other cases, gravity, rather than amalgamatiop, is relied upon 

to extract, the gold, and after the larger particles jlave been caught 
by an jrdina»*y slaitec-box system, the crushed matter is further 
treated on Wilfley tablet, whilst for the more fiij jly ground material 
a vanner luis been used to recover the gold. Both of these devices* 
have been mentioned in connection with the concentration of the 
yes of other metals. 

Cyaniding of Gold Ores and Tailings. It has already *been 
stated that neither gravity nor amalgamation sucec'cd in extracting 
.the whole of the gold. Consequently, in the more highly developed 
gold-fields the tailing.s are invariably leached with a solution of 
potassium or sodkim cyanide (commercial cyanide is frequently 
a mixture of th(» two salts). 

In the Witwatersr.ind gold-field of South Africa,' the ore, 
powdered by treatmert first in roek-crushers, them in stamp bat- 
teries, and finally in tube mills, is allowed to flow ovit amalgamated 
plates .so as to collect as much gold as possible ; it is tlu'n separatetl 
into sands and slimes in some form of classifier, in which the sands 
settle and pass oid- below, whilst the slimes overflow from the top ; 
th(' principle of classification into sands and slimes has already 
been discussed in connection with copper (page 24). 

The treatment of the mritk is fairly simple, they are charged 
into circular vats, fitted with a filter bottom of eoco-nut matting 
covered with canva.s, and cyanide solution is introduced from above 
and allowed to percolate downwards tliroogh the mass. The 
liquid drawn from below the filter- bottom contains gold in solution, 
and is allowed to flow tli rough a series of boxes containing zinc 
shavings upon which the gold is precipitated. The zinc is rendered 
much more active as a reducing agiuit if it is previously treated 
with a little lead acetate solution ; lead is deposited on the zinc, 
and the zinc-lead couple produced brings about rapid prccipitatic^i 
of gold, the lead acting as the cathodic member of tlic couple. 

The treatment of the slimes is less easy owing to t';(. fa^*t that 
they tend to settle and form a mass which is alrno.u. imptu vious 
to water. They are usually thickened as far a.s possible ifi a 
mechanical thickener, and are then run into leaching tai;k.s, in 
which the cyanide solution is introduced and the whole is agitated 
together, either by mechanical means or by compressed air. Since 
oxygen is absolutely necessary for the dissolfition of gold by cyanide, 
the latter method would appear to be advant&geous. 

The separation of the clear liquid from the slimes is a problem 
of some difficulty. At one time a proct^ss of settling and decailta- 

1 H. Louis, J. Soc. Chem. Ind. 37 (191S), 200'^ ; W. Cullen, J. Soc. Chem. 
Jnd, 41 (1922^, 3191. ^ . 
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tion was the common one, hut obviously this process is wasteful, 
since the slimes ^e difficult to wash and will cmainly refain much 
gold-bearing so]uw)n when they are thrown uWy.f Mosj;^ of the 
pulp is now clarifi^l by filtration, tht«o-called “ leaf-filter ” being, 
largely employed. A “ If^af ” consists of a rectangular frame of 
wood or metal on both sid(‘s of which is stretched a filter-cloth. 
The narrow space between the filter-cloths on either side (whiej? 
are about 2 in. apart) is connected by a pipe to a suction pump. 
About forty of these leaves (L) may be placed parallel to one 
another in a tank (Fig. 16), which is filled alternatively with the 
cyanide pulp and water. When the tank is full of piilj), the suction 



puffip draws clear auriferous cyanide solution through the filter, 
a solid cake of pulp being formed on the outside of each leaf. 
Then the tank is emptied and filled with wash-water, and a certain 
amount is sucked through, so as to recover the gold still present 
in the cake. Finally the cake of slime is Wiished off the outside 
of the leaf by water-pressure into the tank, which may then be 
emptied, and used foi-'the filtration of a fresh quantity of pulp. 
The auriferous solution, drawn through Jhe hlter, i^asses to the tank, 
whore it is treated* with zinc for the recovory of gpld. 

An alternative method of, treatment, which has long been carried 
out in America, is now being introduced into some of the mines 
of the “ Far East Rand^’^ where t]\o ore doeff not readily give up 
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its gold unless finely ground. In such a case, the stamp hattories* 
amalgamation plaiit^ and saiid-treatmenl plant may be omitted ; 
the whoU of the oKu is ground in tube mill;' a tine state of . 
division, and is then sul<jecti‘(I to the ‘‘ Flime-ti|y;^m>nt’' describe(K 
above. ^ * 

In South Africa shavings are still the usual form in which ziuc 
k used as the reducing agent for gold. But in America, zinc dust 
’ (often the “ blue powder ” which is a by-product at zinc smelting 
works) is largely used in the place of shavings . 2 This is a far more 
rapid precipitant, and gives a remarkably high recovery of gold, 
98 per cent, of the jjrecioiis metal in the solution b(*ing precipitated 
in a few minutes. ^The dust is generally introduced into the gold- 
bearing liquid in tlu' form of an i'rnulsion ; the r(‘(juisite quantity 
of this emulsion is rup into tlu' tank containing the gold-bearing 
solution, and the whok* is at onc(‘ ])umped into fillcr-])r(‘sscs where 
the ])r(‘cipitat('d gold is ictaincd 

The use of so active a reagent as zinc dust is lud witluad its dis- 
advantages. It requires eandul storage, sine(' otherwisi' it may 
oxidize and det<Ti(»rat(‘, anA 'jiossibly tires nr ex])losions may be 
caused. Furtliemiore, if it is introdue(‘d into cyanide liipiors 
containing dissolved o.xygen, it may be quickly attacked and brought 
into solution, in a way which contributes nothing to the precipita- 
tion of gold. It is stated that about half th(‘ zinc actually added 
to the precipitation vat is generally wasted in this way, unless 
precautions are taken to reduce the amount^ of dissolvc'd oxygen 
jiresent. Thus, w’hilst in the dissolution of gold by cyanide dissolved 
oxygen is absolut(*ly necessary, in the subseijuent ]>rccipitation of 
that gold })y zinc, oxygen is highly detrimental. It is very advan- 
tageous to remove oxygen from the clear s('lution Ixdon^ the tr^‘at- 
rnent with zinc.^ This is commonly done in practice by treatment 
in a vacuum vessel, as in the Crowe ]»rocess, which at one America^ 
establishment has apjiarently reduced tlu! zinc consumption by 
one-half The Crowe proee.ss has also been used with succc'Sfif in 
South Africa, Many alteniative metl.odk of removing dis.-olved 
oxygen rfire available ; treatment with tannin has been consid' »ed. 

Aluminium dust has been tried in the phua; of ziiu; dust, but has 
not given universal satii^f action. The high price of zinc .has, how^- 
ever, led to many attetnpts to find a substitute, and charcoal is 
in use in many places, originaliy»in Westerd Australia, but now, 

* M. W. voii Bentlwitz, Min. hid. 30 (1921), 308, 309, 311. 

•A, M. Merton 1 Min. WorldL 39 (1913), 429. 

» H. A. Wliite, J. dlmn. Met. Soc. S. AJne^ 20 (1919), 1, 97 ; 21 (1920), 
105. T, B. Crowe, Trans. Amrr. Inst. Min. Eng. 60 (1919), 111 ; O. P. Wat-^s, 
Mel. Chem. Etig. 19 (IWI), 652 ; S. yowton and I\ L. Fewster, ,/. Chern. Met. 
Soc. S. Africa^ 22 (1922), 2-19. 
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lo some extent, in South Africa.* I'he gold-bearihg liquor usually 
► passes through abed of charcoal, and whei^ sufficient* gold has 
accumulated tho\^arcoal is burnt to recover* iJie preciou^ metal. 
The carbon is clcaAy not the true redycingtagent, but it is probable 
that reducing gases preseiKt in the charcoal, such as carbon monoxide 
and possibly liydrogen, bring about the reduction of tlie gold. 
'According to another view, the potassium gold cyanide K[Au(CN) 2 ] 
is retained by physical adsorption, no reduction taking place untu 
the charcoal is burnt. The fact that charcoal usually requireg to 
bo heated to a red heat and quenched in water before it becomes 
“ active ” as an absorbent for gold is quite consistent with this 
view, although it can also bo explained on the theory that carbon 
monoxide or hydrogen is the reducing agent. 

At dilTerent times, the deposition of golr^ by electrolysis of the 
cyanide extract has been practised. In the method used in South 
Africa for several jv^ars (1887-1898), h\ad catliodes and iron anodes 
wore employed, the latter being hung in sacks ; a gf)od deal of 
cyanide was regenerated as a result of tlu^ electrolysis, and could 
be used to leach more tailings. NofnTally, however, the zinc pre- 
cipitation process is cheaper, but owing to the shortage of zinc 
during the war, fresh experiments were made with electrolytic 
precipitation. 

One former objection to the electrolytic process, namely, the 
difficulties of removing the deposited gold from the cathode, has 
been avoided by the use of a higher current density (0*3-0 5 amps, 
per sq. ft,), under wliich circumstances the gold is deposited as a 
non-adherent slime. Iron has proved more suitable than lead as 
a cathode material. An alternative suggestion to deposit the gold 
upop cathodes of w axed paper coated with flake graphite is of some 
interest ; when the ^old deposit has reached a suitable thickness 
^10 cathode is removed, and the paper backing is burnt off from 
the gold.^ 

Purification of Gold.^ Whether obtained by gravity separation, 
amalgamation, or by the cyanide proc(*8s, the crude product does 
not* yield pure gold when melted up. The bullion nearly* always 
contains silver and other metals originally present in the gold-grains 
of the or(?; further, when the cyanide process has been used, it 
often contains zinc and lead. The gold is often melted with silver 

* V C 

1 

»H. R. Edmands, hane. Inst. Min. Mett 27 (1918) *277; A. W. AUen, 
Met. Ghem. Eng. 18 (1918), 642 ; M. Green, Transsinst. Min. Met. 23 (1913), % 

66. t 

* G. H. Clevenger, Trans. Atner. Klectrochem. Soc. 28 (1915), 263; H. A. 
M^raw, Eng. Min. J. 97 (^914). 1.232. * , 

“ D. I^y, Eng. Min. J. 100 ^1915),^ 276, 
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to give an alloy suitable for parting, and is then parted by the aci(f 
process or by the flectrqlytic process, both of whifii were discussed 
in the section, on siWer. Where the gold is in feat excess in the 
origina^naterial, other^meyiods, such as thepliller elilorine pro- 

*ces8, may be preferred ; the Miller proc^ns is used on the Hand. 

Uses of Gold. The uses to which gold if. put in ordinary lifcy 
^re too well known to merit a hmgthy deseription. Gold possesses 
special importance as a “ standard of valu(‘,” although since the 
wan few countries have been able to retain the gold basis for their 
currency. The metal is used extensively in the manufacture of 
jewellery, watches, gold plate, and the )il<(\ A cendain (piantity 
is requirifd in dentistry, while the salts find application in the toning 
of photographs ; but the use of gold for botli these purposes is 
probably declining. A great d(‘al of gold-leaf is used for lettering 
and decoration, wliilst fche metal is used in the “ gilding ” of pottery. 
For this latter purpose the gchl is often a])pli(al to the pottery as 
an organic; salt susj)ended in an oily medium, which also contains 
a mixtimo of substances (su^h^as borax and bismuth nitrate) whieli 
vitrify at a low tem])eraturc. After application the pottery is 
fired at a comparatively low' temperature. It is statcai that the 
gold should coiitain about 1 per cent, of other metals, otherwise 
the desired lustre cannot easily be obtained.^ Gold is also used 
in some kinds of ruby glaze and glass. 

ddie employment of gold as a standard of value is, of course, 
primarily dependent upon the comparative f^arcity of the metal ; 
and it is probable that the popularity of gold jt;wellery is due 
quite as much to the value of the material as to th(‘ intrinsic beauty 
of the articles. Gold forms, therefore, an exception to the general 
economic rule that the high price of a substance tends to reduce 
its employment. Undoubtedly, however, gqld has one practical 
advantage over other materials, namely, that it is less prone to coi^ 
rosion or tarnishing than the less noble metals ; its lustre is alqjost 
unaffected by exposure to any ordinary atniosphere. d'jie mechani- 
cal properties of pure gold, on the other hand, are not favourable 
to its me ; the metal is too soft and mallej^ble for general empfloy- 
ment. Gold used for jewellery and coinage is alwaj's therefore 
alloyed with a little copper. British gold coins — no^v• so rarely 
seen— contained 8-33 per cent, of copper ; ^his alloy, which con- 
sists of a single solid solution of "gold and'eopper, is much harder 
than pure gold. • o 

► Gold-plating. If dn article made of a less valuable metal be 
covered with a thin coherent film of gcJld, this lends to the obj^t 

» H. I^. Pickartf, TrOns. Ingt^Min. (1919), xlix. 
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the colour of gdd and at the same time affordff protection from 
corrosion. A goll-platcd article thus comhineg ^he chca|1nc8s and 
mechanical stren™ of the common material ^ith the beauty and 
permanence of the \oble metal. “ Gliding^' is now chiefly brought^ 
about by electrolysis. TIr' article to be plated is made the cathode 
in a solution of a g(ild compound. In order to obtain a smooth 
‘deposit of the metal, it is best, as in tln^ case of silver, to use ^ 
salt in whi(ih gold exists chiefly in the anion. Thus a solution 
of potassium aurocyanide is usually (‘inployed. Another g^od 
plating bath is made l)y dissolving fulminating gold in potassium 
cyanide. Gold anod(‘S are placed in the solution, and, if these an? 
dissolved by tin* (iurrcnt as quickly as metal iji deposited at the 
cathode, the stri'iigth of the bath can be maintained. The danger of 
passivity is largely a voided l)y kee])ing the am^lic eiirrent d('nsity low 
and it is thenifore advisable to make the arej^ of the amxles as larg(; 
ns ])osHi])lo in order that the current may be distributed ov(t a wide 
surface. Nevertlu?less, gold-plating baths do tend to los(‘ strength 
during use ; they must occasionally be repl(?nish('d by the addition 
of gold salts. Silver obj(‘cts can be })lat(?d with gold direct ; but 
the more react i\'e metals are usually covert'd with silver before 
gilding, since if immersed directly in a gold bath they would be 
likely to cause the precipitation of gold in a spongy form by simple 
replacement. 

By varying tlu’ composition of the gilding bath and th(‘ condi- 
tions of deposition, a considerable range of colours can b(‘ obtained.' 
A comparatively cool bath (.32'^ (\) gives a pale colour, whilst a 
warmer bath (50° (^) confers a deposit with a reddisli tinge ; a low 
current density jiroduees a paler deposit than a high current density. 
By ysing a bath containing silver as well as gold, a deposit with 
a green tinge is obtained,- whilst a reddish tone is given by baths 
containing copper. 

’ fi. coniplcto Imtt of gilding baths is given by F. ('. Frary, Trans. Aiiwr. 
Elrdrochrm. 23 (1913), .25., 

Tlie deposition of the " green ” gold-silver alloys is diseussed by S. Field, 
Trans. Faraday Sac. 16 (1921), 502. • 
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• Zinc . 
Cadiniuni 
Mercury 


Atomic 

Normal Electrode Potentlaf 

Weight. 

(Hydrogen Scale). 

r).5:i7 

- 0-770 volts 

11240 

- 0-420 

200() 

1 0-7028 „ 


'J’lic metals of (Iroup lln clilT(‘r from those of (Jrouj) In in pos- 
sessing a relativ(‘ly ^ow melting-point and a low hoiling-point. 
The melting-points fj^ll as the atomic weight rises, and mercury 
is a li(piid at ordinary tem])eratures ; all the imdals volatilize 
appreciably when heated in a non-oxidizing atmosj)h(‘re. 

Unlike most of the metals previously considered, zinc and cad- 
mium crystallize in the lie .Agonal systcun. Most of the metals 
hitherto described have l)ecn cubic, but it is jiol (‘worthy that cer- 
tain divalent metals of Group 11a, beryllium and magnesium, also 
crystallize in the hexagonal syst('m. 

The metals are less “ nobh* ” than those of the jircvious group, 
but here again the noble character ris(‘s with the atomic weight. 
Thus, whilst zinc is a highly n'active metaj, displacing hydrogen 
from dilute acids, and oxidizing (juiekly when heated in air, m(*r- 
cury is an extremely stable substance. 

The metals are for the most part- divalent in their principal 
compounds. In zinc the valency is almost invariable and ^irac- 
tically all the salts ar(‘ colourless. In mercury, thcTc is a second 
class of salts in which the metal would a})pcai* to be monovaleijjt ; 
coloured eom])ounds are met with in tlie case of mercury. Although 
the normal salts of all the metals arc w(‘ll dev(‘lop('d, thertfis a 
marked tendency in the grouj) towafds*the formatioii of complex 
salts, •especially complex chlorides and iodides, in which the metal 
appears in the anion. , 

It is noteworthy that the 'anodic dissolution and tjie cathodic 
deposition of the metAls of this group are in general processes which 
take place smoothly and without compliclatcd secondary effects. 
Passivity and yalve-actiop are less frequently met with in metals 
of Group IlB^han in, those of most other groups. The general em- 
ployment of zinc in primary cells, and of cadmium and mercury in 
standard “ cells ”^^id “ half-cells ” (e.g. in the “ cadmium standard 
cell ** and Jhe “ calomel electrqde ’^) depends largely on this fact. 

125 ' * 
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ZINC »• * 

Atomic weight . . . ()0‘37 

• 

Zinc is the first metal of Group ]Jb which we shall consider ; 
lying next to copper in the periodic classification, it has certain 
points of resemblance to that element, many of th(‘ salts of the two 
metals being isomorphous. On the other hand, there is also a 
distinct similarity between the compounds of i^finc and those of 
magnesium, a metal wliich we have placed in Group JIa, 

• 

The Metal • 

Zinc is a whitish*grey substance, capable of taking a good lustre 
when polished.^ It conducts heat and electricity well, but by no 
moans so well as copper or silver, .^t Vdinary temperatures cast 
zinc is slightly brittle, and specimens can often be broken on sharp 
bending. The fracture usually displays the crystalline structure 
of the metal ; an ordinary rod of cast zinc, for instance, shows a 
fine radial structure, due to the existence of long thin crystallites 
which have commenced to grow at tlie iXTipIuTy and which have 
met one another at the centre. At higher temperatures (about 
160^ C.) zinc is ductife and malleable ; at this tompi'rature it is 
readily rolled into sheet, or even drawn into wire. It commonly 
becomes brittle again whim heated to about 180° C. The sudden 
drop in ductility at about 180° 0. lias been ascribed to an allotropic 
change, and it is significant that many of the other properties of 
zinc, including the dcfisity and hardness, ajppear similarly to show 
af! abrupt change between 170 and 180° C.- Certain investigators,^ 
howfvor, state that the change of properties is not found in pure 
hot-rolled zinc, and consider that the change at 170° C. in zinc 
whicji has undergone cold deformation may bo simply duo io the 
commencement of grain ^owth or recrystallization. Evidence ^ of 

f 

' The reflection spectrum of zinc presents scHffio exceptional features, 
especially in the infra-rod region. See U.S. Bur. Stand. Sci. Paper^ 379 
(1920), 251. ‘ . • 

*K. E. Bingham, J. hist. Met. 24 (1920), 333. Uliese views are supported 
by C. A. F. Benedicks, *J. Inst. Met. 24 (1920?, 354. * 

• W. Pierce, J. Insf. Met, 24 (1920), 358. Compare G. fdasing, Zeitsch. 

MetaUkunde, 13 (1921), 425. ^ 

* H. Le Chatolier, Comptes Rend. Ill (1896), 464: M, Werner, Zeitsch. 

Anifrg. Chem. 83 (1913), 211^ Coiwpare E. Cohen aid W. D. Helderman, 
Proc. Ama. Acad. 16 (1913)^ 606 j 17^J914), 69. • 



another allotropi« change abou\ 300® or 360° C. has been put for-* 
ward, bulf the matter is still in doubt. f , 

Whatever view is <taken of the question of theAlleged allotropic 
change at 170-180° C., the ^iisideration of the mechanical pro- 
perties of zinc is undoubtedly complicaU‘d by*the fact that zinc 
which has suffered slight deformation undergpes great coarsening 
of grain when annealed a little below 200° C.i The coarsely crystal- • 
line metal is apt to be very brittle at low temperatures, buj/ the 
meq/ianical working of the coarsened metal at about 150° C. tends 
to break up the big grains and thus to refine the structure ; such 
treatment renders the material comparatively workable even at 
low temperatures. 

The effect of mechanical work on the properties of pure zinc is 
somewhat exceptional ^apparently owing to the fact that deformed 
zinc undergoes self -annealing at quite low tenqxTatiires. A sheet 
of rolled zinc when view('d in a micro-section does not display 
grains elongated in the direction of rolling ; the structure is generally 
equi-axed.^ Likewise, although cold-rolling is able to bring about 
a considerable increase in tlfb Ithrdness of pure zinc (if the reduction 
of thickness is sufficient), yet the added hardness is not permanent, 
and tends to disappear in the course of a few days at ordinary 
temperature.'* 

Whilst, however, the temperature at which pure zinc undergoes 
marked self-annealing is quite low, it is greatly raised by the pre- 
sence of impurities in solid solution, especially copper. Thus 
whilst pure zinc can scarcely be maintained in a work-hardened con- 
dition, commercial zinc is considerably hardened by deformation 
at ordinary temperatures, and the hardiuiing appears to be fairly 
permanent.® 

Zinc is a much more easily fusible metal than copper, silver, or 
gold; it melts at 419° C. It is distinctly Volatile even at the 
melting-point and boilS at about 918° C. The density of th^ 
vapour has been determined, and seems to show that zinc in^lihe 
vaporous state exists in monatomic molecules. 

Zineds a highly reactive metal. Thin foil, when strongly hcg.t(‘d 
in air, may be made to burn with a bluish^hite flames oxide 
being formed in the combustioh. A good deal of heat i^ liberated 
during the combination with oxygen. At ordinary temperatures 
oxidation proceeds onl^ superficially up«i*a fresh zinc surface, 

*G. Timof^ef, ifer. Met. 11#(1914), 127. 

* Z. Jeffries, Amen. Inst. Min. Eng. 138 (1918f, 1043. 

» D. H. Ingall, J. Inst. Met. 26^1921), 281. 

* H. W. Brownsdon,^. Inst. Met. 26 (1921), 397-399. 

* Compare C. H. IVH^ewson, C. 8. Tjewin t^id W. B. Finkeldoy, BfUl. 
Am/ex. InsA. hfin. Eng. 153*(1919), ;t776. , 
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•which soon b^omes somewhat dnllcd if exposed to moist air. 
But here the omo film produced protects tlip iiietal frcrm further 
oxidation. In Vie case of finely-divided zinc, tfie oxidation is 
much more marked, and fires have^jboeft caused at places where 
zinc dust has bceif stored owing to the heat generated by the 
oxidation. Zinc duyt suspended in air may constitute an explosive 
' mixture. Compact zinc exposed to damp air containing hydrogen 
chloride quickly becomes visibly wet, owing to the hygroscopic 
character of zinc chloride, and corrosion then proceeds very rapi^y.^ 

When a piece of zinc is jilaced in contact with thc^ solution 
of a salt of a distinctly more noble metal, such as lead, copper or 
gold, zinc enters the solution and the other rqetal is precipitated 
usually in the spongy state. This re])lac(‘ment of a less reactive 
metal by zinc is all the more rapid if the ziny is not uniformly pure, 
or where there is already another more noble metal in contact with 
the zinc. For instance, as has already been pointed out, the precipi- 
tation of gold from very dilute cyanide solutions by zinc is a slow 
process ; but if the zinc b(^ first covered with lead particles by 
immersion in a concentrated lead IJart; solution, the reduction of 
gold proce('ds a])acc. Facts of this kind show that the replacement 
of other metals by zinc is not a direct chemical interchange, but 
proceeds electro-chernically, a number of little short-circuited 
electric batteries being formed, as exiilained in Vol. I, (Iiapter 
XIIL 

Zinc, standing on the reactive side of liydrogen in the Potential 
Series, will dissolve in dilute acids with the evolution of that gas, 
if brought in contact with a noble metal of low “ overpotential 
value, such as copper or platinum. Commercial zinc always has 
sufficient noble particles embedded in it to evolve hydrogen freely 
wit^i dilute acids, and actually the most convenient method of 
j)reparing hydrogen ‘in the laboratory is by the action of dilute 
sulphimic acid upon granulated zinc. *But pure zinc will not 
di^olve readily in dilute sulphuric acid, unless brought into contact 
with a “ iidblc ” substantio.' The best method of obtaining a rapid 
diss^olution of zinc in this acid is the addition of a few drops of copper 
sulphate solution. Cf^per is precipitated upon the zinc, and acts 
as the cafhode of the corrosion cc/uple. 

It is noteworthy that when moderatelj^ pure zinc is immersed 
in an acid, the rate df c-ttack is idow at first, but after an interval 
(known as the p&riod of induction) the*’ evolution of hydrogen 
becomes rapid and the corrosion proceeds apac^. A moment’s 
consideration will show l^ho significance of the period of induc- 
tk)n. The traces of foreign metals exist paiji)ly in solid solution 
^ U. R. YJ^r^^pTrans^f'araday Soc. (1023). ^ 
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in the zinc crystals, and therefere cannot servo as the cathodic 
elements the coitoi?ion couples. As, however, the initial slow 
corrosion ^proceeds, the ziho begins to pass into Jio ionic state, 
and traces of the second metpl pass also into tie acid solution. 

‘ I’his second metal is immediately rcprecipitatc<l in the metallic 
condition, as a separate phase, and then beginr to function as the 
cathode of the corrosion couple. Likewise the impurities which exist 
as a separate phase at the crystal- boundaries can play but little 
part ;in promoting corrosion when the zinc is first immersed in the 
acid, being inaccessible to the solution ; ns the zinc is eaten away, 
however, these insoluble impurities become exposed and gradually 
accumulate. When, corrosion has been })roceeding for some time 
a black scum can usually bo seem on the zinc which consists of the 
metallic impurities (c.g. lead and cadmium) ; if the black scum 
be wiped otf from the metal, corrosion is greatly retarded, and a 
fresh period of induction is observed.^ 

The effect of the presence of various elements in aiding the dis- 
solution of zinc in acids is very different. The presence of only 
O’Ol per cent, of f^old or platinum has a most marked influence, 
but the effect of other elements, such as arsenic and cadmium is 
less great. The comparative effichmey of different impurities in 
aiding the elimination of hydrogen in gaseous form by zinc, is 
naturally connected with the different overpotential values of the 
foreign metals in (iucstion,^ the overpotential of the metal being, 
in fact, of far more importance in determining whether hydrogen 
can be eliminated than is the position of the metal in the Poten- 
tial Series. Thus the prf^sence of arsenic has comparatively little 
influence in accehirating the corrosion of zinc by acids.^ This 
fact, which appears to have puzzled some chemists, is quite to be 
expected in view of the fact that the ov(‘rpotcntial value of arsenic 
is high.^ • 

The liability of zinc to corrosion by acids is greatly reduced by 
rubbing the surface with mercury. Not only is the anialgamat^ed 
surface uniform in composition, and hehco free front corrosion 
couples^ but the high overpotential value of the mercurj'-iich 
surface militates against the evolution of %Jiydrogcn in gaseous 
form. 

Zinc is attacked by solutions of caustic alkalis, hydrogen being 

• • « 

^ M. Centnerszwer and J. ISachs, Zeitach. Phys. Chem 87 (1014), 742, The 
theoretical views o# those two 3xpei’imenters are not held by the present 
writer. See U. R> Evans, *7. Inst. Met. 28 (1922), 120. 

* See A. Thiel, Zeitsch. Klekirochem. 20 (1^4), 460. 

*M. Centnerszwer, Ze^ch. Phys. Chem. 92 (1918), 56.3. 

* Compare 0. P. Watll and N. D. WTiipnle, Trans. A mer. Electrochem. Stic. 

• 32 (1917), 26^ 

M.O.— VOL. IV. 
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• evolved, and soluble zincates beiifg produced. ‘In a solution of a 
neutral salt, silch as sodium chloride, compact zinc is *1688 readily 
dissolved ; an^ corrosion leads to the foniMition of the insoluble 
hydroxide, which under certain fjrcufiistances forms a slimy, 
moderately adhd’ent layer upon the zinc, and obstructs to a . 
considerable extenjt the corrosive action.^ 

Zinc powder is naturally much more readily attacked than 
compact zinc. If the powder is merely wetted with water, hydrogen 
is evolved. It is noteworthy that if air is present, a certain ar^jount 
of hydrogen peroxide is formed at the same time. 2 

When zinc is used as the anode in an electrolytic cell containing 
a chloride or sulphate solution, it is attacked with a current efficiency 
of approximately 100 per cent.^ A familiar examjdc of the nearly 
quantitative anodic dissolution of zinc is jjffordi'd by the employ- 
ment of zinc as the attackable element of a primary cell. 

Laboratory Preparation. In view of the reactive character 
of zinc, it is to be expected that difficulty will be experienced in 
reducing the compounds to the metallic state. The only convenient 
laboratory method of preparing the metal from its salts is by the 
electrolysis of a pure zinc salt in aqueous solution. Upon the 
electrolysis of a pure zinc sulpliate solution acidihed only very 
weakly, the metal is deposited on the cathode at a good current 
efficiency ; but if the solution contains traces of more noble metals, 
con'osion couples will be set up and the zinc will be dissolved away 
almost as quickly as it is deposited. The electrocluunical })recipi* 
tation of zinc n^quires therefore considerable care in the pre^paration 
of a zinc salt solution quite free from all other metals, and especially 
from U'ad and copper. If a solution of pure zi nc sulphate contai ning 
a trace of free acid is electrolysed, a compact, if somewhat rugged, 
ex)ating of zinc is obtained. In order to obtain a good current 
efficiency, the solution must be kept cool, and the acidity must 
bo kept low ; otherwise much of the current is wasted on the pro- 
ditction of hydrogen. Sulphuric acid in regulated quantity can 
be used, but it is preferable to use a weaker acid ; with a bath 
containing acetic acid along with sodium acetate, a current e*fficiency 
of nearly «100 per c^t. is possible.'^ 

The preparation of pure zinc *from impure materials can be 
carried out by a distillation process, and an*electric furnace intended 
for use in a laboratory^'equipped? with a suitable power installation 

• t 

^ E. Profit, Bull* *Sbc. Ohm. Belg. 28 (1914), 98- Compiere G. D. Bengough 
and 0. F. Hudson, J. In^. Met. 21 (W19), 84. 

* M. Kornbaum, Comptes Hend. 152 (1911), 1G^8. 

• » G. R. White, J. Phys. Chein. 15 (1911), 727. \ , 

* J. W. Richards, Trans. ^Arj^r. Elft^rochent. Boc. 25 (19)4), 284. 
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has been designed to carry out refining by this mc4hod.‘ In the 
ordinary laboratory, ‘however, it woidd prove ersier to dissolve 
the crudi? material In acid, eliminate foreign metals from the 
solution by chemical means, axul regenerate the zmic by electrolysis. 


Compounds 

Zinc forms only one series of compounds, in which the nU'tal 
is apparently divalent. 

The oxide, ZnO, can be obtained, as has already been stated, 
from the metal by combustion in air ; it may also be prepared by 
heating the carbonatt‘, nitrate or hydroxidt?. It is a white sub- 
stanc(', but bc'comes yellow at high tem])(‘ratiires a fact which is 
interesting in view of tlr. cireumstanee that cadmium and mercury, 
the other metals in tlu‘ group, have oxides which are coloured 
even when cold. The hydroxide - is obtained by careful precipi- 
tation of zinc cldoiidc or nitrate with sodium hydroxide (if too 
much alkali is added, the preeinitate redissolves). The hydroxide 
as thus ])roduc(‘f} is a white gelatinous precipitate, which cannot 
be washed free from chlorides (or nitrates) by cold water. 
Treatment with boiling water does succeed in removing chlorides 
(or nitrates), but at IdO ' (’. tln^ hydroxide loses water, anhydrous 
zinc oxide (ZnO) l)cing formed; tlui change is not characterized 
by an alteration in colour • as in the analogous case of copper-- 
but is rendered visible by the disap])carancr^ of tlie gelatinous 
character in the precipitite, which b(‘comes “ gritty.” 

A crystalline form of the hydroxide can b(^ prodiujcd by adding 
zinc sulphate to normal potassium hydroxide cautiously until the 
Jhpiid is just turbid. On violent slniking, or by scratcliing tjie 
walls of the containing vessel, a sandy ])recijjitate consisting of 
tiny bar-shaped crystals comes down. 'J'his has a composition, 
accurately expressed by the formula ZidOH)^. It is, however, 
metastable, and if kept in contact with a solution containing a 
trace of alkali, it is converted to the stable anhydrous oxide, which 
is less soluble in alkali than the hydroxide. • 

Zinc oxide is amphoteric ; that is to say';# it b(?th a 

basic and acidic character. It dissolves in acitls to form the normal 
zinc salts, but also dissolves in the caustic alkalis, to form the so- 
called “ zincates.” ^ Zyic* hydroxide is alSb soluble in ammonia. 
The dissolution bgth in acW and in alkali proceeds most quickly 

^ F. A. J. FitzCerald, Trans. Amt -. Electrochem. Soc. 36 (1919), 319. 

* F. Groudriaan, Proc. j^nst. Acad. 22 (1919), 184. 

• F. Goudriaan, Proc. Kmst. Acad. 22 (1919), 179. Compare tlio earlier 

work of J. H. Hildebrand and iV. G. Bowers, J. Ainer, Cherth. Soc. 38 (1916), 
785; also A. H8ntzsch, Zeitsch. Anorff.’ Chem* 30 {<1902), 298. • 
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in the case of%the gelatinous hydroxide ; but it takes place also, 
although more |lowly, even if the anhydrous* oxide is used, so long 
as this has not been too strongly ignite^e * *' r 

The liquid obtained on shaking-^hic hydroxide with alkali ha-s 
been regarded by some 'chemists as a colloidal solution of the zinc 
hydroxide, the allc^lli acting merely as peptizing agent. It is now 
certain that the solutions contain, in addition to colloid partieWs, 
molecules of a true zincatc. Until recently, there was no certain 
information regarding the composition of the zincates, but^Gou- 
driaan has not only isolated sodium zincate, but has worked out 
the equilibrium diagram of tlu* system Zinc oxide-sodium oxide- 
water.” Ho finds sodium zincate to hav^e the formula 

Na..0.Zn().4H,0. 

2 f 

The isolation of the body is rendered a little difficult by the fact 
that it is unstable in the ])resence of purc^ water, which causes 
immediate hydrolysis to sodium hydroxide and zinc oxide. Solid 
sodium zincate can only exist in contact with a very strongly alkaline 
solution. When, for instance, 50 grams of sodium hydroxide are 
added to 50 grams of water, and 17 grams of zinc oxide are introduced 
in small quantities, sodium zincate crystallizes out from the solu- 
tion, and can bo separated and dried on porous earthenware, 
precautions being taken to prevent access of air or carbon dioxide. 

Zinc Salts. All the zinc salts arc colourless, except in the case 
of the salts of coloured acids. The solnble salts may be obtained 
by the action of the corr(‘S])onding acids u})on metallic zinc, or by 
the dissolution of tlic hydroxi(l(‘ or carbonate in the acsids in ques- 
tion. The sulphate, Zn8()j.7HA), crystallizes in fine rhombic 
prisms, and is a member of that large class of isomorphous sulphates 
which is charact(‘ristic of divalent metals, and which includes the 
sulphates of zinc, cadmium, magnesipm, divalent iron, nickel, 
cobalt, manganese, and chromium. 

Zinc chloride may bo obtained in solution by the action of 
hydrochloric acid on the ‘metal or hydroxide. On crystallization, 
this solution yields a hydrate ZnCL.H.^0. The hydratfe has its 
water of'’ crystallization firmly attached to the molecule ; it is 
somowlmt difficult to drive off the water ly heating, without raising 
the substance to such a temperature that the salt loses hydrogen 
chloride. The anhydrous chlcfride, h6wpver, may be obtained by 
the action of dry chlorine upon metallic zinc. ^ It is a white solid, 
with a great affiitity for water ; it js deliquescent, and, when exposed 
to damp air, absorbs so ^much water thaL it becomes dissolved in 
‘it, and the solid sail; gra4ually turns tof^ syrupy liquid. The 
combination of zinc^ chloride <with Water is attended with the 
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evolution of heat. It will be remembered that the lighter members ' 
of Groups IIa, magMcsium and calcium, have also deliquescent 
chlorides^ Anhydrous zinc chloride is volatile at a red heat, and 
can be purified by sublimatin'^ ; the vapour density corresponds 
to the formula ZnCl^. 

Solutions of zinc chloride readily lose hydrogen chloride when 
boiled, and on the subsequent addition of water, a precipitate is 
generally formed. This is often described as a basic chloride or 

ox.ychloride, and is sometimes said to contain the compound 
Zn(OH)Cl, mixed with zinc chloride. Possibly, however, it con- 
sists merely of zinc hydroxide with adsorbed zinc cliloride. 

Complex salts ara formed betw'een zinc chloride and ammonium 
chloride, and it seems likely that oven in an ordinary acidified 
solution of zinc chloride, complex salts of the ty})o H[ZnCi3], con- 
taining the zinc in the anion, exist.* i'he tendency of zinc to enter 
the anionic condition is shown by fact that zinc chloride, 
added to a blue cobalt chloride solution, restorers the red colour 
by forcing the cobalt from the anionic; to tlu' cationic state. 

The insoluble, '.alls of zinc are formed through th(‘ ])recipitation 
of soluble zinc salts by the sodium salts of the. acids in question. 
Thus the addition of sodium carbonate to zim; sulphate solutirm gives 
a precipitate of zinc carbonate, ZnC();„ which soon loses carbon 
dioxide, and pa,sscs into a basic carbonate. Similarly, the addition 
of sodium sulphide to a solution of zinc sulphate gives a white 
precipitate of zinc sulphide ; this is decomposed by mineral acids, 
with the production of a solulile zinc salt and the evolution of 
hydrogen sulphide gas, but is . undissolved by dilute acetic acid. 

Zinc sulphide, ZriJS, is a compound of some little interest owing 
to the fact that it oft(;n shows phosphorescent properties. It will 
be remembered that the sulphides of certain other divalent imd-als, 
such as magnesium, calcium, strontium, and barium, acquire, phol^^-* 
phorescent properties w'hen heated with minute traces of a corn-* 
pound of a heavy metal, such as copper, together with e suitable 
fluxing agent. iMany of the older investigators 2 dc-dcred that 
zinc sulphide may be phosphorescent even when quite pure, but 
recent careful work has shown that, if prepal^d in a per' ‘ctly pure 
condition, zinc sulphide does not become phosphorescent on h(;ating.^ 
The presence, however,* of a minute trace o{ copper is sufficient 
to cause marked phospLorescencet ^ 

As in the case^of the sulphidqs of other metals, the presence of 
a fluxing agent is very beneficial to obtaining# a strongly phos- 

^ J. H. Hildebrand anc^. G. Bowers, J. Amer, Chem. Soe. 38 (1916) 785. 

* C. Henry, CompUa .Aend. 115 (1892), 605. » ’ * 

* K Tomasetek, Ann. Php. 65 M,921), k80. 
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phorescent mijterial, although if the temperature employed is 
sufficient to melt the zinc sulphide itself, fluxing agents can be dis- 
pensed with ^ ; ^chlorides appear to be i^ost beneftiiial jj,s fluxing 
agents. )f precipitated zinc sulpliidc, containing a suitable pro^- 
portion of potassium chloride and a trace of a heavy metal (such 
as copper or mangamesc) is heated in a crucible at about 1,000° C. 
for half an hour, a strongly phosiihorescent product is obtaine^. 
The proportion of fluxing agent may be perhaps one-fifth of that 
of the zinc sulphide, but only very small amounts of the heavy 
metal (about ] o.ooo of the sulphide) an‘ desirabh'. The conditions 
governing the phosphorescence of zinc sulphide an^ thus closely 
analogous to those governing the phosphoKcscencc of calcium 
sulphide. 

The temperature at which the materia** is heated has a most 
important influence on the phosphon'spence of the product.^ 
Thus, heating at l)elow 650° C. produces only feeble phosphores- 
cence, jiresumably becau.se at this temperature there is but little 
fusion, and the zinc sulphide and the heavy metal ar(‘ not brought 
together into a single phase ; this is eonlirnu'd by the apiiearance 
(»f the product, which is described as being “ viscous and amor- 
phous.” Heating between 650" and 900' C. yields a highly phos- 
phorescimt product, which is described as having a “ semi-crystal- 
line ” appearance when viewed under the microscope ; this appear- 
ance probably indicates that partial or superficial fusion has 
occurred. If heated to a very high temperature (1,100° C.), the 
phosphorescent qualities of the product again decline, the product 
being now “ purely crystalline ” in appearance. Some investiga- 
tors have sought to connect phosphorescence with the existence of 
a jkin of non-crystalline matter tightly stretched over the surface 
of the zinc sulphide crystals, which arc supposed to be kept thereby 
^in a state of strain! It appears to the present writer that other 
explanations might be suggested ; for instance, the comparatively 
w^ak activity of the sulphide obtained by heating at a high tem- 
perature may be due to the comparatively small radiating smiace 
presented by this more compact variety. It seems unlikely that 
the crystalline charaifter of the substance has anything to do with 
its phosphorescence, since zinc sulphide is known in two separate 
crystalline forms (cqbic and hexagonal), &nd both have been pre- 
pared in the phosphorescent condition!^ ' 

The colour of the light emitted^ by phosphorescent zinc sulphide 

1 E. Tiede and At Sclileede, Ber. 53 (1920), 1721. .. 

* E. MacDougall, A. W. SVewart, afid R. Wright, Trans. Chem. Soc. Ill 

(1917), 663. \ 

* E. Tiede and A. Schleede, R«r. 53 (1920), 1721 ; A. A. Guntz, Comptes 

Betid. 174 (1922), 1366. ' ^ , 
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varies with the cortilitions between blue and green. the presence * 
of manganese it is described as golden yellow.^ 

The cl(^se connection between fluorescence and phosphorescence 
is well shown by certain rosear^jbes on zinc sulphide. Tho'spectrum 
of the fluorescent light given off by zinc sulphide during illumina- 
tion by a mercury arc lamp was compared witli that of the phos- 
nhorescent light w'hioh it continues to emit after the exciting light 
is shut off ; it is found that tlie distribution of energy in the 
fluorescent and phosphorescent spectra was the same.^ 

Like uranium nitrate (another fluorescent substance) many forms 
of zinc sulphide containing a heavy metal impurity (o.g. man- 
ganese) show the |)henomenon of “ triboluminescence ” and emit 
light when crushed. At the same time pressing or crushing causes 
a marked decrease in the phosphorescent properti(‘H, and a distinct 
change in colour, which becomes brownish. It is noteworthy 
that the amount of impurity requin'd to produce strong tribo- 
luminescence is generally much greater than that suited for the 
production of strong [)hosphorcscence ; many samples which show 
strong triboliimiT.c‘>ccnce arc only weakly phosphorescent.'* 

Zinc cyanide is a white precipitate obtained by the addition 
of potassium cyanide to a zinc sulphate solution ; it is soluble in 
excess of potassium cyanide, giving a complex potassium zinc 
cyanide ; a similar phenomenon has been already noticed in the 
case of the corresponding copper, silver, and gold compounds. The 
ferrocyanide may also be obtained by i)rccipitation in dilute 
acid solutions, and is properly a white substances ; but it is readily 
oxidized, the colour becoming yello^^ish during the change. Other 
insoluble zinc salts are the phosphates and oxalates, prepared 
by precipitation with the corresponding sodium salts ; they arc 
white precipitates, * 

Zinc Peroxide.^ When hydrogen peroxide is added to zinc* 
hydroxide a white body of indefinite composition is formed ; 
this is apparently a mixture of compounds, but js believed'’ to 
contain bodies of the state of oxidation represented by t'iie formula 
ZnOa.nHjO. It loses the active oxygen on heating. * 

Organic Compounds of Zinc. Very important to Ine organic 
chemist are certain compounds of zinc with “ alkyl groups.’’ When 

1 K. A. Hofmann and W. Hucca, mr, 37 (19W)! 3410. 

* C. A. Pierce, Phys. 30 (1910), 663. 

* P. Lenard and^V. Klatt, Ann. Phys, 12 (1903), 439; R. Tomaachek, 

Ann. Phys, 65 (^921), 196. • 

* A, Karl, Comptes Rend. 144 (1907), 841 4 146 (1908), 1104. 

* A recent study of th^peroxide which le€id8 to various suggestions regard- 
ing structural formulob A due to F. W. S iOetrOrni Zeitsch, Anorg. Chem. 160 
(1917), 237. 
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excess of ethyl iodide (CjHgl) is lieated with zinc, a white crystal- 
line corapouna CjHjZnl is produced; on stronger hfeating, this 
yields zinc iodMo and zinc ethide, the latter boir»g obtained by 
distillaticyi in a current of an inQ|Lga»^, 

SCjHjZnl Znl, + Zn(C,H.)j. 

Zinc ethide, is a heavy colourless liquid, boiling at 

118'’C., which usually takes fire spontaneously when exposed 'X 
the air. The analogous compound, zinc methide, Zn(CH 3 ) 2 , is 
similar but more volatile. Both compounds are used in the* syn- 
thesis of several organic compounds. 

Analytical ‘ 

When compounds of zinc are mixed witji sodium carbonate and 
heated on charcoal in th(^ blowpipe flamt', an incrustation of zinc 
oxide is formed round the mixtun* ; this incrustation is yellow 
v/hen hot and white when cold, Tlic phenomenon, wliich is char- 
acteristic of zinc, depends upon the volatility of the m(*tal ; the 
zinc compound is reduced to the if5etitllic state by the carbon, and 
the metallic vapour travels out into the oxidizing zone of the flame, 
where it becomes reoxidized, and the oxiile is depositi^d upon the 
charcoal. Another dry test may be used to recognize zinc com- 
pounds ; if any zinc salt bo ignited upon charcoal befori' the blow- 
pipe, then moistened with cobalt nitrate solution and re-ignited, 
a green coloration may bo observed ; this coloration is due to 
bodies of the nature of “ Rinmanii’s green " referred to in the 
section on cobalt pigments (Vol. Ill) 

As all the ordinary zinc .salts arc eolouiless, th(‘r(‘ are no very 
striking reactions which would help in the recognition of zinc in 
aq'aoous solutions. The fact, however, that sodium hydroxide 
produces in zinc salt solutions a white precipitate which redissolves 
*in excess of the precipitant distinguishes the metal from many 
ot^iers ; the salts of aluminium, lead, and tin, however, also show 
this phenomenon. The- white precipitate obtained when hydrogen 
sulphide is bubbled through a solution which is ammoniacal, neutral, 
or acidified only with acetic acid, is also characteristic. The pre- 
cipitate obtained v^ith potassium ferrocyanide is sometimes 
recommended as a test. t 

The separation of 2 ;inc fron\, other ^nv^tals depends upon the 
peculiar conditions under which the sulphide is precipitated. The 
solution is first acidified with Hydrochloric ac\d and hydrogen 
sulphide is bubbled through the^ hot solution, in order to pre- 
cipitate the metals whase sulphides are insoV^ible in mineral acids ; 
after filtration, and boifing to remove excess oi hydrogen sulphide, 
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certain other mefLafe, iron, alumftium, andchromiura^ are removed, * 
as hydroxides, by th<) addition of animonhini chloride and ammonia. 
If ammonium sulphide is added to the filtrate, ziric sulphide wdll 
he precipitated ; but if j.i^keJ„^obalt, and manganese aao present 
> tfiese metals also will be precipitated as sul])hi(l(*H. The separation 
of zinc from these three metals dep(‘n(ls ujion the fact that zinc 
alone can be precipitated as sulphide by the rajiid passage of 
iiydrogen sulphide through a cold solution containing a trace of 
free gnljihuric acid : it has been stated that the ])reeipitation of 
zinc is complete v.vvu if tlu^ eoiu^entration of aci(l Ix^ as high as 

N 

a strength whieji is quite sidheieni to prevent the ])rocipitation 

of any cobalt, nickel, or manganese*.* 

When the zinc is eou;pletely precipitated as sulphide, this may 
at once he filtered off tjirougli ash(‘stos lihre in a wx’ighod Gooch 
crucible, dried at 100^ (’ , and the weight d(‘t(‘nnined. Or the 
sulphide may be rcdissolvcxl b}^ heating in dilute sulpiiurie acid 
and the solution ])recipitated with sodium carbonate ; zinc car- 
bonate is convert' d to oxide on gentle ignition, and zinc may be 
weighed as the latter compound. A diHi(!iiIty always arises, how- 
ever, if an attempt is ma,de to filter a ziiu' ])reeipitate through 
ordinary filter-jiaper. It is imjiossible to remove* the ])rccipitato 
completely from the filtcT- paper, and if an att(‘m])t W'ctc made to 
obtain the residue by burning the filter, nxluetion of zinc to the 
metallic state would occur during the combustion, and, owing to 
its volatility, the metal would pass efT as vapour and ho lost. 
Therefore zinc precipitates .diould either be filtc'red through asbestos, 
or alternately through a filter-paper which is dried and weighed 
before use, and can be w'eigluxl again afterwards with the dry 
precipitate. * 

Another plan is to estimate zinc as the met^l, which is (obtained 
as a smooth deposit by electrolysis.- If the zinc is prerv ' in the^ 
solution as sulphate, it should be run into a solution containAig 
sufficient excess of potassium oxalate to avoid the prheipitation 
of zinc oxalate ; the clear solution obtained contains the Holui)le 
salt, potassium zinc oxalate. From this complex salt solution the 
zinc can be precipitated completely, as a smooth bluish -white 
deposit, upon a weigheef cathode. The solution must bo free from 
metals more noble than zinc ; nitrates and most oxidizing agents 
interfere with thj deposition, ai^ the presence of ammonium salts 
is said to be disadvantageous. • 

* See W. W. Scott, “ SK^vndard Methoiis of Chemical Analysis " (Crosby 
Lockwood), 1917 editioi* pp. 479, 483, 486, 48^ • 

*H. E. Medway, .finer. Sci. 18 (llfo^, 66. 
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It is not advisable to deposit^inc directly* upon a platinum 
cathode, since zinc alloys easily with platimiih, and if is difficult 
to remove the zinc-deposit from the platinum basfe without loss 
of the precious metal or damage fifectrode. It is preferable 

therefore to covA* the platinum electrolytically with a layer of • 
bright copper, and after drying to re-weigh the electrode ; the 
zinc may then be deposited on the copper, and the gain in weight 
shows the amount of zinc obtained from the solution. 

Various volumetric methods for the estimation of zinc have* been 
described.^ The method usually recommended depends on the 
insolubility of zinc sulphide. An amraoniacal zinc salt solution 
is titrated with sodium sulphide solution, whi^^h is added in small 
quantities from a burette. After e^ch addition, a drop of the 
liquid is taken out on a stirring-rod, an^l brought into contact 
with a drop of lead acetate solution on a filter-pa})er ; so soon as 
sodium sulphide is in excess, the drop produces a black precipitate 
with the lead salt, Wh(*n this black colour is seen for the first 
time, it is obvious that enough sodium sulphide has been added 
to precipitate the whole of the ziifb. *lf the strength of the sodium 
sulphide solution be known, the zim? content of the solution under 
examination is easily calculated. Unfortunately sodium sulphide 
does not keep well in solution and the strength must be deter- 
mined frequently by titration against a standard zinc sulphate 
solution. 

Apart from this objection, methods of titration which make use 
of a “ side-indicator ” are never very rapid. A modification of the 
method, which is practised at various zinc-smelting works, con- 
sists in adding a drop of ferric chloride to the warm ammoniacal 
zinc solution ; red flakes of ferric hydroxide appear and sink to 
tht' bottom of the beaker. Sodium sulphide is now run in until 
those flakes change their colour from red to black, due to the for- 
^mation of iron sulphide. This change fndicates that all the zinc 
hffs been precipitated. 

Another volumetric nfethod for the determination of zinc depends 
uppn titration with potassium ferrocyanide ; it is considered to be 
inferior ta the sulphide method.^ 

% 

Tbrkestrial Occurrence of Zinc and Lead 

k • • • 

The geo-chemistry of zinc is so closjly coimected to that of lead 
that it will be coynveiiient to consider the, two mgtals together. 

Zinc and lead, like copber, mult have been minor constituents 

* ^ For details see F. glutton,, " Volumetric Aiwl^sis " (Churchill). 

* See E. Olivier, J. Soc. Cftem, 40 (1§21), 107 t. , 
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of the original rock- magma. tAdging from the ai^l 3 'se 8 of the 
different igiteous rock8,acce88ible to us, the content of each of those 
tliroe elements %vas probably under 0-01 i^er cent. But, as already 
frequently explained, they^ havi; become concentrated in thj thermal 
waters evolved in the later stages of the consolidation of an intrusive 
mass, and have been earrie<l upwards, probably in the form of 
sulphides held in solution by the water, which contained hydrogen 
sulphide under pressure. As the waters rose, the various metallic 
sulphides were liberat(‘d, Init not at the same points, since the 
conditions favourable for deposition of the three metals are not 
identical. Copper, as already stated, is d(‘]) 08 ited ri'adily along 
with iron, as some liighly insoluble double sulpliide, such as copper 
pyrites (CuFeS.) ; but the sulphide* of zinc is ]>robably more soluble, 
and Avill generally remain in solution after all the copper has been 
thrown down. 'J’he })riTK‘i])al factor which will determine whether 
or not the precipitation of zinc sulphide can oe(*ur is the hydrion 
concentration ; it is u(‘ll knowu in tlu* analytical laboratory that 
zinc sulphide can readily la* thrown down from a neutral or alkaline 
solution, but n<»t from a highlf acid solution. Hence the zinc- 
bearing waters an> likely to throw down zinc sulphide wherever 
they pass upwards through. a liasie formation such as limestone, 
wh!^*h will greatly reduce the hydrion content; but they will not 
deposit it to the same e.xtent at other points. W(^ find, th(‘r(‘fore, 
the sulphide of zinc 

Zinc blende (sphaleriti*) . . Zn8 

often associated with limestone. The same is true of the corre- 
sponding lead sulphide 

Galena ..... PbS. 

In the case of lead, however, the limiting value of the liydnlin 
concentration (above which jireeipitation of sut[)hide cannot occur) 
lies higher than in the case of zinc. 

It is, for instance, notew'orth}^ that in the Western 8tates'«^)f 
America the co])per veins occur in all sorts of format iirus, whilst 
the lead and zinc minerals occur together practically only in lirpe- 
stone (as in Nevada and Arizona).^ Moreover, whilst tin; copper 
occurs largely in veins, along v^'th quartz and other tyjucal vein- 
minerals, lead and ziix — although also found in veins — occur 
largely in chambers in the. limesUme, often filling in the cavities 
where the limestone hos*been eaten away in neutralizing the acid 
waters. Furthy^ the ^alcite ol the limestone, is often changed 
locally by “ metasoraatic replacement ’’/to the ore-mineral, which 

* Compare W. Lindg^eii, “ Mineral Depogits ” (McGraw-Hill), 1919 edition, 

p. 921. 
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' in some case^ reproduces faithful^^ the structure of the limestone 
as it existed before the change. In fact, we.sdmetimef^ find, in the 
limestone, fossil remains of organisms that* existed in the sea in 
which tl^ limestone was originaHj^^fortned ; but the dossils now 
consist no longef of calcium carbonate but of compounds of lead* 
or zinc. Where a*lode with zinc and lead ores passes from lime- 
stone into some other formation, it usually becomes almost “ bar- 
ren.” Numerous examples may be found in this country of a lode 
ceasing to be productive where it passes from carboniferous, lime- 
stone into the overlying “ millstone grit.” 

Of the two minerals mentioned above, zinc blende is a mineral 
varying in colour from yellowish white throygh brown to black, 
according to the (jnntent of iron ; it may indeinl be colourless 
when pure. Where freedom of growth ha^ been allowed, it is often 
found to have crystallized in tetrahedra ; more often it is massive, 
or occurs in fibrous growths. A second*’erystalline form of zinc 
sulphide, known as wurtzite, is also found in nature ; it belongs 
to the hexagonal .system. 'I'lie sulphide of lead (galena) is a heavy 
lead-coloured mineral with bright metallic lustre, often occurring 
in remarkably p(Tfect cubes or ( ub(‘-oetahedra. As a rule, neither 
mineral is pure ; zinc blende generajly contains, besides iroji, a 
considerable quantity of cadmium ; gahma usually contains .silver, 
and sometimes other metals. 

By the w'eathoring of primary ziiuj-lead sulphidi's, carbonates 
and 8nl[)hates are formed. The carbonate of lead is known as 

Corussite .... PbCOg 

and the sulphate as 

Anglesite .... PbSO,. 

Both are insoluble, and are common constituents of the upper 
^(oxidized) portions* of zinc-lead deposits. On the other hand, 
zinc sulphate is soluble, and, where formed, is usually carried 
a^^ay by meteoric waters ; thus the upper })ortions of zinc-lead 
deposits arc often comJ)artitively free from zinc. In general the 
ziKC sulphate will react with limestone before it has been carried 
far, forming the insqluble carbonate which is known as 

• Sinithsonito . ^ . ^ . ZnCOa. 

It is possible that* by the action of.doecending and percolating 
waters, both zinc and lead may be di.sSolved at certain points, 
and re-deposited , at others. Consequently^ manj^^of the zinc-lead 
ores occurring in limest(j|fie8 in different countries are probably 
pot primary ores at all, but have been forced by the reaction of 
the limestone with desdbndijfig wa^rs of weteoHc origin which have 
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become zinc -bearing or lead-beafing through the leaching of older 
ore-deposits* In otHei cases, pyrites or other sulphides may have 
acted as tj;ie precipitant fpr the zinc held in solution in percolating 
waters, secondary dei)08its of»»inc blende being produced. It is 
often very difficult to decide whether the lead-zfno ores found in 
limestone are of 'primary origin (deposited from aficcnding thermal 
yjLters), or of secondary origin (deposittxl from descending metextric 
waters), arul a great deal of controversy has arisen amongst geolo- 
gists as to the origin of the ores in different districts. In a typical 
series of ores deposited from descending waters, the ores are likely 
to die out gradually as avo follow them deeper into the earth’s 
interior. Zinc sulphide, which is more soluble than lead sulphide, 
and which is therefore less easily deposited, may persist to a greater 
depth, and thus in the sleeper portions we g(*t zinc ores compara- 
tively fret; from lead ; but if we go low enougli zinc also will fail. 
Perhaps in the upper parts wc may get lead ores comparatively 
free from zinc. In ores deposited by ascending waters in so far 
as'therc is any se])aration of the two metals- the lead is likely 
to be richer in lie’ deeper parts'and the zinc in the upper parts. 

Amongst other oxidized ores of zinc 

Willemito . . . . Zn.Si04 

and Hemimorphite (“ Klectrie calamine ”) Zn.^H;.Si05 
deser\(‘ mention. In addition the oxide 

Zincite ZnO 

and the zinc s})iuel 

Frankliiiite ..... ZnO. FcsjOs 
are found in S<i\\ Jersey in a crystalline limestone, pierced by 
granitic dykes and in contact with a gneiss. It was probably»an 
ordinary limestone containing zinc ore, but tl\g limestone has been 
“ baked ” at a later date* by contact with the igneous rocks. Th(ri 
heat has caused recrystallization of the limestone, and has con- 
verted the original zinc compound (p^oba^^ly the carboi^ato) to the 
state of oxide. Franklinito usually contains manganese. 

Amongst the less common oxidized lead minerals we find 1-he 
chromate, molybdate, and tungstate ; they are known’os 
Crocoitc. / , . . . PbCrO** 

Wulfenite . 4 *• PbMo04 

Stolzite ....... PbWO*. 

# • « 

A large proportion of the world’s rich zinc and lead ores are to 
be found in the United States *and in Mexico. Some of the most 
important deposits occur in Idaho, Montana, Utah, Colorado, a^d 
also in the ^tvoll-known d^oplin ^istri^^t of Missouri and Kansas. 
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• Many of th^ ores — notably thSe of Idaho^ontaih a highly 
argentiferous galena and are regarded rather As silver ores thali as 
ores of lead and zinc. In many cases dy^tirtct sIIvIt minerals also 
occur iiuthc ore, intimately mixti with the compounds of lepid 
and zinc. The Well-known ores of Ijcuadville (Colorado) occur in’ 
limestone of carlxinifcrous age, betwc(‘n the limestone and an 
impervious porphyry rock above. The load has here probably 
been brought up liy waters ascending from an igneous mass below, 
although some authors assert that it has been di'posited by descend- 
ing (meteoric) waters, which have derived their lead-content from 
some primary ores which have since disappeared. The zinc and 
lead ores of the Joplin district are probably of secondary origin.' 
In contrast witli most Ameri(;an lead ores, many of those occurring 
in the Mississi})])i and Missouri region are < comparatively free from 
silver. ^ 

Zinc and lead minerals occur in various limestone formations in 
Europe. In tln^ British Isles, ^ the carboniferous liuK'stone of 
Derbyshire, Elintshire, tkimberland, and the South of Scotland, 
contains botli lead and zinc minerals ; the zinc, for the reasons 
already explained, is often found mainly in tlu‘ lower part-s of the 
ore-bodies. Some of the Flintshire hxul-orcs arc* nearly free from 
zinc. The galena, espi'cially in Derbyshire, is asso('iated with fine 
crystals of tluorspar. 'Ihe ores of B(*lgiiim and the adjacent parts 
of Cermany also occur mainly in a limestone of carboniferous age, 
now largely dolomitiz(‘d. I'he ores are partly in veins, partly iji 
cavities in the limestone, and arc partly found replacing the lime- 
st(»ne itself. The minerals arc sulphides (zinc blende, etc.) below, 
and are oxidized substances (calamim*, etc.) in the higher portions. 
Th(‘ ('xtensive ores of Silesia, which contaiji— in addition to lead 
aiul zinc — an a])preciable quantity of silver, ocscur in a limestone 
of triassic age ; herd again we find sulphides below, and carbonates 
and silicates above. Another country rich in ores of lead and zinc 
isiSpain ; the zinc ores, consisting of blende in the lower portions 
and oxidised minerals ‘in* the upper portions, occur in various 
liniostoncs — some of carboniferous age, but others of a much later 
date. Much zinc ore is now mined in Algeria. 

The re^iarkable ores of lead, zxnc, and silver which occur at 
Broken Hill, Australia, call for special Aunark. Here there are 
two big lodes ; the neain one" measure? 60-100 ft. across, and 
traverses a gneissic rock. It cqntiipis zinc blende and highly 
argentiferous galena, along with quartz, fluorite, giirnct, and other 
minerals. The upper palt is l^gely oxidized, the lead being 

‘ » C. E. Sie))cnthal, V^S.^Geol. Sun\, BuU, 606 <1915). 

* See also A. M. Fijilaysou, Qmr(,% J. OeSl, Sot\ 66 (19i’0), 299. 
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present as carboiiate, tvhilst at the junction of tho^xidized and • 
imoxidized •portions? there is^ a zone of secondary enrichmwit 
containing abundant silver as sulphide. 

« (A i 

• * Metallurgy and Uses ^ 

Zinc— unlike most other metals— is a volatile substance, and the 
li-l^thod of metallurgy is essentially a process of distillation. This 
process serves to se]>arate zinc from the non-volatile metals such 
as iron, which is almost invariably present in zinc; ores, and to some 
extent from lead, but not from other volatile ‘metals, like cadmium. 

It is possible to treat the ores containing intimat(‘.Iy mixed zinc 
and lead minerals, without previous s(‘paration, if the lead-content 
is not too large. Nevertheless it is very much better to subject 
the ores to a pn'liminary concentration process, so as to ])roduc(‘ 

(1) Vuic concentrate yM\{{ 

(2) a leud -silver concentrate^ 

and, at the same time, to eliminate to some extent th(‘ less valuable 
minerals, sucli a.*^’ cuartz, calcite, pyrites, barytes, and fluorspar. 
The removal of the latter mineral is ])articularly important if it 
is intended to use the gases* obtained during the roasting of tlu* 
ore for making sulphuric acid, since lluorine would attack the lead 
cham)M*r in which the acid is produced. 

Various methods have been employed for th(‘ separation of the 
diff(‘rent minerals. Gravity separation on jigs and WilHey 
tables gives fairly goocrresults. (Jalena is much heavicT than zinc 
blende, which in turn is heavier than quartz and calcite. Magnetic 
separation has niso been employed ; usually the ore is first given 
a short roast to convert pyrites to the magmdic oxide of iron. 
Treatment in the Weatherill separator (described in Vol. I, pag(j 12<!) 
with a comparatively weak magnetic field serves to (‘liminato the , 
magnetite. A magnetic jiroccss is used in Ammica, for the rl.wiina- 
tion of iron from zinc ore.^ Magnetic separation was also uscal 
at Broken Hill some years ago, where garnet &nd other iron* minerals 
^ere separated by a preliminary treatment, and then, by sub- 
jecting the ore to a more powerful field, th(^ blende was puJled 
out from the galena.^ Howovery^^he process has there been super- 
seded by flotation, which is found to be cheaper. 

‘ ^ ^ ^ ^ 

^ H. O. Hbfman, “ Metallffrgy of Zinc and Cadmium " (McGraw-Hill) ; 

W, K. Ingalls, “Th^ Metallurgy Zinc and Cadmium " (Engineering and 
Mining Journal) ; If A. Smith, “ Zinc Industry ” tLongm&ns, Green) ; T. E. 
Lones, “Zinc and its Alloys" (Pitdlan) ; R/G. M. Liebic. “Zink und 
Cadmium " (Spamer). 

•E. G. Deutman, Eng^Min. J. 107 (lOlOj, 1107, 

»H. M. Ridge, J. Eoc, Chem? Ind. 3^.(1917), 070. 

* 
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At first flotation was used sirfcply to separate the zinc blende 
from the gangue, after the galena ^had beeji ‘removedM)y gravity. 
Later it was found that galena adheres tft the fnoth more easily 
than zir\p blende, and that by c^pfuRy adjusting the/^ conditions 
it is possible t6 separate, by flotation, first the (easily flotable. 
galena, and aftervwirds the less easily Actable blende. The differen- 
tial flotation of zinc and lead has proved successful at Broken Hill, 
Australia. ^ More than one process is used there. In one method 
now practised, 2 the ore is subjected to a preliminary concentration 
by gravity. The heavier portions are ground and mixed with 
water ; the pulp is then made w(‘akly acid and is ehm*ncd up with 
the addition of just enough eucalyptus oil to “ lift ” the galena, 
but not to “ lift the blende. In this way a “ lead concentrate ” 
is obtained. Them, after most of the l^ad has been taken out, 
the pulp is made rather more acid, and further oil is added — 
factors which are favourable to flotatiorl- so that the blende also 
rises into the froth, and a “ zinc concentrate ” is obtained, the 
gangue remaining in the tailings. The zinc concentrate is usually 
further treated on Wilfley tables*to take out part of the remaining 
galena. 

Various devices have been tri(‘d Ljr aiding the flotation of the 
‘‘ difticultly flotablc zinc blend(‘. In many places, the zinc- 
flotation is carried out at a slightly elevated temperatur(‘, which 
is favourable to flotation. In on(‘ process, the ])ulp is saturated 
with sulphur dioxide gas during the flotation of the zinc blende.^ 
This gas has a specific action upoi\ the blende, facilitating adliesion 
to the oil in the froth. Various explanations have been offered 
for the action of sulphur dioxide, but furtlu'r I’cseareh is required 
before it is possible to decide betw(‘('n them. 

*' The final zinc; eoneentrat(‘s contain 47 .70 per cent, of zinc and 
4-5 per cent, lead,' whilst the final lead concentrates have fiO-63 per 
cent, lead and 8-13 per cent. zinc. ‘ 

*■ A process of “ co ncentrati on by volat ilization ,’’ which has 
lately become important for obtaining a crude zinc oxide from 
Ipw-grade ores, is described later in connection with zinc pigments. 
Although originally applied to the manufac ture of pigments, it 
has lately been used as the firs^ stage in the making of metallic 
zinc.** * 

♦j I • * 

IV. F. S. Low, Miti. Moff. 20 (1919), 21 1,* 276; Tran^t. In.it. Min, Met. 
28 (1919), 29. c c , 

• R. J. Harvey*, Trans. Inst. Min. Met. 28 (1919), *5; H. K. Pickard, 
Tmns. Inst. Min. Met. 28 ^1919), 

3 R. S. Dean, Met. Vhcfn. Kng. 20 (1919), 372*^ G. C. Riddell, Met. Chm. 
* Eng. 19 (1918), 822. . 

« W. R. Ingalls, Eng. Mhi, J. 10^4, (1917)^ 457 ; 105 (lgl8), 96. 
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The concentration of the ore usually carried out^for obvious 
reasons — close to the place where it is mined. But the concentrate 
is then of l(jn shipped o\er a very considerable distance to one of the 
smelting centres, where the si>hs.q<ient metallurgical opert-tions are 
carried out. The ('hief smelting centres in Europe arc Silesia, 
Westphalia, Bc'lgium, and South Wales ; Eun)p(' now depends 
mainly on imported ore or concentrate, although the industries 
originally grew up owing to the occurrence of local ore, or owkig 
to the special suitai)ility of some local clay for making the retorts 
used in the distillation. At present most British smelters use a 
clay imported from the Continent, but (‘xp(‘riment8 with British 
clays have giv(‘n gocjd results,^ The American smelters have both 
ores and fire-clay in their own coutitry. 

Previous to the war, most of the Australian eoncentrates had 
been under German control, and had b(‘en smelted in Germany 
or Belgium. With the outbreak of war, a sudden shortage of zinc 
in this country arose, and arrangenumts wore made for treating 
the Australian supplies in England, a largo amount being smelted 
at Seton Carew (nurham).^ Provision was afterwards made in 
Australia to smelt an increased quantity of zinc in that country.^ 
^/^^oasting of the Ore or Concentrate. When an ore or con- 
centrate' containing zinc as sulphide is to be used, it must first he 
roasted to convert the zinc to the state of o.xide, which is then 
reduced with some form of carbon to metallic zinc in a separate 
operation. Where tlu^ ore is present as carbonate, roasting (as- 
such) is not needed, but the ore must bo calcined to drive off 
carbon dioxide and moisture. Owing to the j)artial exhaustion of 
the carbonate ore.s, the greater portion of the w'oiid’s zinc supply 
now depends upon sulphide ores. • 

The roasting of the eoncentrates ^ is nearly always carried out 
in a multiple-hearth furnace, similar in some reH|>ects to those used 
for the roasting of copper ores. It is often desired that the su.phur 
dioxide produced in the roasting should be utilized for making 
sulphuric acid, and in such cases it is desirable that tin; sulpliur 
dioxide should not be diluted more than is absolutely nocesSafy 
with other gases. Sometimes a muffle furnace is employed, in 
which the hot gases from the fireplace do not pass direccly over 
the concentrate, but around the outside of muffles within which 

• • m 

* H. M. Ridge, J. Soc. Cf^n, hid. 39 (1920), Or. 

Imp. Inst. ^3 (1915), 6.1; 14 (1916), 44 . 

• Cham. Comm. J. 36 (1947), 44 . • 

*H. M. Ridge, J. Soc. Chem. hid. 36 (1917), 676; J. C. Moulden, J. Soc. 
CAem. ind. 38 ( 1919), 177r; M. de Lurmnon, C^em. Traded. 58 (1916), 256; 
M. Hutin, Mon. Sci. 7 (J917), 25; M. F. Hiaso, £ng. Min. J. 104 (1917),* 
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• 

the concentimte is roasted. Va^ous forms df the multi-hearth 
furnace (both of the muffle-type and direct-ko&ting type) are used. 
Furnaces rabbled by hand are still emjjoy^d at Aany^European 
works ; ia fact, even during the twar — when manual labour was 
scarce — hand-ral)bled furnaces were erected in this country.^ In* 
America a mechailicai furnace, known as the Hegeler furnace, is 
largely used ; it consists of sev(‘n hearths, one above the other, 
the lower hearths being heated by hot gases which pass along 
chambers between the various hearths. Periodically the ore is 
shifted from one hearth to the one below by means of a sort of 
plough which is dragged along the length of the hearth. The 
Hegeler furnace occupi(\s a great deal of grouid-space. The types 
of roaster furnished with revolving rabbles are more compact and 


are perhaps preferable. The Ridge furnaiie, which has proved very 
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shccessfiil for the treatment of Broken Hill con(;cntrates, is shown 
in Figs. 17 and 18? I’he ore is introduced on to the top hearth, 
which is used for the purpose of “ dryiftg " it. It is then worked 
By means of rabbles attached to rotating shafts through the three 
“ roasting ” hearths, and finally falls into the cooling hearth below, 
wjiere it serves, whilst cooling, to preheat the air used in the roasting. 
The furng.ee is heated by gas which is biu’iit below the bottom 
roasting hearth onlj^. The revoly^ng shafts are water-cooled, and 
it is arranged that the rabble-parts which actually stir the ore, and 
which tend to wear out most quickly> can easily be detached and 
renewed, whenever this is required. 

In some coiintvries — notably the Uhited Stated 2 and Germany — 
a considerable proportion of the sulphur dioxide eliminated in the 

1 H. K. Pio«rd, Tram. Imtt. Min. Met. 28 xxxviii. 

» L. B. Skinner, Met. *Chem. Hng. 18 * (1918), 82. ,, 
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roasters is used for acid -making^* in this country, thf manufacture 
of sulphuric acid has been practised only to a comparatively small 
extent. ^ 

One modification in the procedure for roiisting zinc-OTC^ which 
is being made at several spelter works may be mentimied. There 
has always been a difficulty in obtaining the complete elimination 
of the sidphur ; in order to effect this a rather high temperature 
is needed in the last roasting hearth. In th(‘ modified metliod, 
the ore is roasted in the multi-hearth roa.ster until th(‘ sulphur- 
content is reduced to t) per cent., and then the nunaindcT of the 
sulphur is eliminated in a Dwight-Lloyd sint(‘ring machine (see 
Vol. Ill, page ()2). • At the same* tiiiK^, if a j)owd(Ty ore, or con- 
centrate is being used, it becomes consolidated to a good ])orous 
sintcT. 

Reduction of the Roasted Ore. The rediKdion of zinc oxide 
by means of carbonaceous fu(‘l is in }>rinci[)le a very simph^ process ; 
when zinc oxide and carbon are heated together strongly, the main 
reaction is probably 

ZnO -j- C - - Zn 1 VO. 

The zinc will be cairicd of’^ as vapour in the stream of carbon 
monoxide, and under favourable conditions can lie condensed as 
inoli<'n zinc.- However, zinc in the vaporous condition is an easily 
oxidizable substance, and if the carbon monoxide' were to become 
mixed with any considerable amount of carbon dioxide th (5 zinc 
would be oxidized again : moreover, the dilution of tlu^ earbon 
monoxide even with an inert gas would militate against (‘flicient 
condensation. For these and other reasons, tins charge; of zinc ore 
and fuel cannot bo heated hy the direct pa.s.sage of hot Hames ov(;r 
the mixture— as in a reveF-heratory furnace;. The mixture must 1)e 
phiccd in some* form e)f ele)S(*d retort, anel be; heafod thre)ugh the 
walls of the retend. Usually the; re'tejrts are set iti a gc -fired 
furnace, se) designeel that a llanie of burning pre)dMoer gas plA^s 
around the outside; of the retorts. The furnaeu's arc*ge;ncrally 
built on the regenerative ” principle, whic-h w^as cxplainee' in 
connection with the manufacture of glass (Ve>J. II, page 60). In 
some recent furnaces, the “ rccu;>crative system of heat ece^numy 
has been employed, especially in Silesia.^ 

• • 

^ Compare Rep. I nsp. AMU Works, 56 (1919), 17; 57 (1920), 14. 

• tor consideratiejjis regarding the .Minditioris of equilibrium, see E. Jan- 

«cko, Met. u. Erz, 16 (1919), 247. M. Iwornarcharids, lUv. Met. 17 (1920), 
803 ; Coinptes Rend, 170 (1920), 805, discusses the question as to whether 
t»rbon, or carbon monoxide, constitutes the effective reducing agent for 
line. , • 

* H. M. Ridg^, J. Inst. Mdt. 16 (1910), 188. 
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Tlw retorf% in which the char^‘ is heated lequire to be made 
of a specially selected variety of firp-clay ; jonly the Mst ire-clay 
will withstand the very high temperature without^ softening. It 
is necessary, as far as possible, toi/^hodso a clay which will with- 
stand the fluxing action of the hot ferrous oxide and other bases 
contained in the charge. ^ But however excellent the material and 
manufacture, the retorts only have a limited life, which has been 
estimated as being— on the average— four to six weeks. ^ Conse- 
quently arrangements must bo made for the manufacture of new 
retorts ; retorts are now usually made by means of a specially 
designed hydraulic press ; a ball of plastic clay mixture is pressed 

into the necessary form, 
and, after drying, is burnt 
at g, very high temperature 
in a furnace. The retorts 
foi^norly varied consider- 
ably in shape and size, and 
were elassitied as Silesian 
• (large D-shaped muffles), 
Rhenish (medium, D- 
.shaped), a fid Belgian 
(small, circular tubes). But 
now the intermediate 
(Rhenish) size of retort is 
tending to displace the 
others throughout all the 
Eurojiean smt'lting districts 
(including this country), 
although some American 
works still adhere to the 

Fio. Iw.-Priuriplo «7 th« Kogemomtiv,, <>f retorts. The 

Ziuc-ilistillatioti Funiaco (Cross-soction). aVerage size of a retort may 
* now be taken as 6 in. in 

breadth, 12 in. in height, and 5 ft. in length. The large (Silesian) 
njuffles are now but little used.^ 

The retorts R are set in the furnace in the manner indicated in 


Figs. 19 and 20. Tliey are placed parallel to one another in rows, 
80 that they lie horizontally, or (more u«ually) are made to slope 
gently downwards to, wards the mouth. « There may be three to 
seven rows in a furnace, each containing ^ix to forty retorts. Often, 

1 0. Proske, Met. «. Frz, 11 (1914), 333, 377, 412, 5r>3) discusses the action 
of slag, vapour, etc., on different kinds of retorts. 

* G. C. Stone, 7'ram. Atner. Mectrochem. Soc. 25 (1914), 161. Other 
authorities give sunilar ^timates. 

•A. Rzehulka, Zeiisch.^An^ew, 27 (4914), i, 327., 
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as shown in Fig. 1^3, the fumadbs are double, havin^ two series of 
retorts on either side of a central partition. The o])en mouths of 
the retorts art aeceswible from the outside of the furnace. To 
these mouths can be fitted th3. tubular or conical “adapters,” 1), 
o^n at both ends. The adaptiTs, which are composid of a clay- 
mixture similar to that used in retort-making, serve as condensers 
fpr the zinc vapour. Usually an iron nozzle— or “ prolong ” — is 
fitted to the further end of each adapter, to catch particles of metal 
carried by the gases through the adapters, or to condense* a further 
}K>rtion of the vapour. 

The producer gas which serves as fuel is fornu'd in an external 
“ producer.” If tho furnace is built on the regenerative jirincijile, 
both produei'i* gas and air are diaun in through hot regeiuTators 
(B and A), and an^ thus ''Xtremely hot when they (‘liter the furnace. 
Their combination ])roduees an in- 
tensely high temperatun* around 
the outside of the retorts ; for suc- 
cessful ziuc-snu'lting a temperature 
of about C. should* be 

reaelu^d. IPhe hot products of com- 
bustion tiass out through tv.o other 
regenerators, C and B, to whicli 
they give uj) much of their heat. 

The course of the gases through the 
regenerators is periodically changed, 
just as in the working of the n*- 
generative glass-furnaces and 8te(‘l- 
furnaces. 

UC ^e smelting oy>erat,iou. .iAtc.n i uh ud.ed as ft^ljows . The roasted ore 
or concentrate is mixed with coal (preferably anthracite) and tiie 
retorts are charged ^\ith this mixture, either by Hand or by machine, 
the furnace being comparatively mildly heated during the ehi ’ ging ; 
sometimes salt is also introduced into the retort, as it is foui^d 
to diminish the amount of “ blue powdiT ’ produced. When the 
retort is filled, the adapters are put into jiositicm at the mouth of 
the retorts, the heating is increased, and distillation Ixgins. At 
first the zinc vapour passing tlrough the adapters is oxidized by 
the oxygen or carbon dioxide therein contained. Later, when 
carbon monoxide has largely tlisplai^d the dioxide from the adapter, 
metallic zinc begins to condense. The first portions of zinc metal, 
however, condense to minute liquid globules, which, becoming 
slightly oxidized on the surface, do not coalesce to form molten 
zinc ; they remain as a “ fume ” and are (»rried into the nozzle,, 
where they qpol to a “Hilue powder^” Those first condensed 
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p)rtioiiK of tV zinc contain ncarl^all the cadmium present in the 
ore ; for this metal, being more easil^^ reduced alid also nfore volatile 
than zinc, distils over in the early stages. • • 

After H 4 >me time, zinc vapour btj^ns*io come over in^increased 
quantity, and, th*e proportion of carbon dioxidt^ being now' so hTw* 
that litthi further oxidation of zinc can occur within the adaptor, 
molten zinc begins to form. Once, twice, or three times a day the 
molten nustal is drawn out from the conden.sers (usually by means ^ 
a tool shaped rather like a gardener’s hoe) and is allowed to fall 
into a kettle jihua'd to catch it ; after skimming, it is poured into 
moulds and allowinl to solidify. As stated above, however, it is 
difficult to bring about comjilete cond(‘nsatioi> of tin* zinc v'apour, 
and there is still a certain ])roduction of powdtT, consisting of 
zinc jiarticles coated with oxid(‘, often mived with a portion of the 
charge (uirricd over mechanically from the ndorts, and nearly 
always containing a good deal of haul, 'lids jiowder will be found 
in the nozzle, and on the ground in front of the funuices ; it can be 
collected and returned to the ndort during the lU'xt charge ; but 
about 10 to 20 ]>er cent, id tlui zifie iS usually lost, presumably by 
[)assag(' into the o])en air, and by absorption into tin* material of 
the retort and adapter.^ In the old •Silesian muflles the loss was 
higher. An inqiortant cause of loss not always fully appreciated — 
is due to the ziiu' vapour which remains in the retort after the 
distillation is coinphde.^ 'I’lie amount lost by combination of zinc 
oxide with tlu' retort material is very serious in new retorts, but 
practically negligible in old ones.' 

The residue left in the retorts usually contains much lead, and is 
often sold to the lead smelter. I’hc silver present in the ore is also 
largely preserved in this leady residue.” 

v/'ElecU;o^erm^l^ Smeltir^.‘ The wastage inherent in the 
ordinary zinc-furnace practice depends^ ultimat(*ly ujion the fact 
that heat has to be conveyed to the charge through the walh of the 
retorts. In the first place, this involves the exjiosure of the materials 
of these walls to a white heat, and is particularly disastrous in view 
of the corrosive nature of the bodies present in the retorts ; in 
actual prActioe, whether the retorts Income worn out by chemical 
corrosion or through thermal softrtiing, the retorts have frequently 
to 1)0 replaced. Secondly, in order to maihtain the materials within 
the retorts at the requRed temjibrature, even higher temperature 
must be produced outside the retorts. The amount of heat lost 

^ H. L. Sulinan, Tram. Inst. Afin. Met. 20 (1910), xxxv. 

* A. Kzchulka, Chem. Zeit. 38 (1914), 895. 

• O. Muhlhaeuser, MeU u.^Erz, 18 (1921), 1, 45. 

*W. R. Ingalls, Trans. rAtmr. ^Eleetrodfem. iSoc. 35 (1914), 169. 
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by radiation and carried off b/. the hot gosen loavinr the furnace . 
is greater, therefore, than in a reverberatory furnace, where the 
heating gases are allo\ml to jSlay dir(H:tly upon th(^ charge. Hie 
Josses aretiHlucetl, but art ’'.ot elifninated, J)y tin* use of the regenera- 
tive or recu|H'rative system. 

Now, t lui_eled })ro\'id(‘H a 
means of lieating the mixture of zinc oxide and coal, without unduly 
ileating the containing walls, and without intriKliKMiig a stream of 
hot gases. A strong current of el(H*tricity is nuulc to })ass tlirOugh 
the charge, y)ro(lucing the very liigh tcm]KTaturc iU‘cd(Ml for the 
reduction of zinc oxide and tlic (iistillution of thi* ziiu' ; the 
electricity is only used as the means of maintaining the high 
temperature, and the redmdion is not to he looki'd upon as electn)- 
lytic. In an clcctrothcrmally hcatt'd charg(‘, the walls and floor 
may be kept comparatively cool , it is only the ])art of th(‘ charge 
Indwecn thi* electrodes lhat is luatcd, and the c(HTosion and heat- 
loss by radiation is ri'diiced to a minimum. One autlioniy * statinl 
in Iflit that the ealoritie efliei<‘ney of the “ most modern " retort 
furnaces of th<‘ tras-tiriMl tyje w^is only H ])er e(‘nt., whilst that of 
the electric fuinace was (iO per ('(‘lit. l^^leetrotluTinal smelting, 
tluTcfore, would seem to have many a<ivantages in })laeeH where 
electric power is ehea]). 

Nevertheless the first Swedish attempts to distil from an (‘lectric 
furnace were by no means suee(‘ssful, owing ^o tlie large amount 
of blue y)OW'der y)r<Klueed ; and although tlie troubles due to this 
cause, which are further discussed l)elow, liave to a large extent 
bc'cn overcome, yet the diflieulties seem to have aet<‘d as a deterrent 
to the employment of electrothermal m(‘tliodH elscwvhero. At any 
rate, the use <>f such metluHls has beem confined hitherto to a few 
localities. • 

The tytKi of furnaces used in the Dc Laval process at Xrullhatten, 
Swcdeii,^ are of the resist inee tyyK? ; there is no arc, the lu'at bciuy^ 
developed by the y)assage of the ele'dricity through thv cha^e., 
A large vertical electrode of carbon y)a.sse.8 througli the ^’oof, whilst 
the other electrode is a carbon block set at the bott(>m of the funmee. 
The charge is a mixture c>f ymrtly roasted ore (containing a g^eat 
deal of lead and an much as 7 yK*r cent, of sulyiliur still unVliiniiiated) 
with coke (or anthra^’de) and flux. It is intnxiuced through a 
hopper. Zinc and lead arg rcdu^*ed to the m(;tallic condition and 
the zinc is volatilized arml passes to the condenser ; molten lead and 

slag collect at tl»c bottom cu the furnace, and also a certain amount 

• • 

1 C. V. Lordier, Met. et AUiagen, 7 (1914). No. 12, 1. 

* See report by Mr. F. W. HHrlx»rd : Abstract, Kng. Min. J. 93 (191^), 

314. See also E, A. Smith,^. /njjt. Met. 16 (1%16), 166. 

• % 
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, of matte (a \md mixture of sulphi|[e8). These ^re run olit together 
from a tappiSg-holo. The silver present in th^ ore is found partly 
in the metallic lead, and partly in *tho matje. , 

The main difficulty experienced ^at fk^t was that at feast two- 
thirds of ftie zinctTiondensed in the state of blue powder ; only oiw- ^ 
third condensed a8/)rdinary liquid zinc. The type of blue^ powder 
obtained there was of no commercial value ; it contained only about 
54 j)or cent, of zinc, with much lead, as well as dust from the furna(§ 
charge. The powder was simply returned to another electric 
furnace, mixed with some fresh roasted ore, and distilled again. 
Thus, on an average, each atom of zinc passed through the furnaces 
three tiim^s before it reached the commercially^ useful condition. 

This state of aiTairs was clearly unfavourable to the success of 
the process, and led, for tlie first time, to a sidentific consideration 
of the conditions of condensation, whic h determine whether the 
metal shall condense* in tlu; valuable forn» of “liquid zinc ’’ or as 
comparatively worthless “ blue* ])oud(‘r.'’ It will be noticed that 
the I)e fjiival procc'ss differs from tlu^ classical jeroeess of retort- 
smelting in niU(‘h more than the gubs^itution of electrical heating 
for gas heating. It is a highly ambitious attenijd : (1) to substitute 
one large still in the jilace of numerous small retorts ; (2) to 
substitute semi-continuous hopp(*r-charging for the intermittent 
charging of retorts ; (3) to treat eoinjdex or(*s containing much lead, 
and only })artly freed from sulphur ; and (4) to rnak(' metallic lead 
at the same time as metallic zinc, and to taj) the former in the 
molten state. Thus the process dej)ai-ted in four im])ortant respects 
from the old rnetluxl of distillation and condensation, which 
represented the ex])erienee of nearly a century ; the fact that 
difficulties were cx])erieneed at first is scarcely surprising. 

'idle main factor which causes the condensation of zinc as blue 
powder ^ is the presonceof carbon dioxide or moisture -the former 
^Iioing dependent on the introduction of«air when the furnace or 
^rc^rt is charged. In the Rhenish retort process, where small retorts 
are used, ipid the content zinc in the charge is high, the fraction 
of the total zinc oxidized is small ; moreover, in the Rhenish process 
the heating is slow', and most of the carbon dioxide and moisture are 
driven off before overiho distillation of zinc begins. In the electric 
furnace, the state of affairs is different ; amount of air intro- 
duced in hopper-charging is much larger and, since in Sweden a 
low-grade ore is used, the ratio of air to«inc is greater than if a 
high-grade ore were employed. Fttrthf*r, tlie heating is rapid, and 
the carbon dioxide, moistuire, and «inc pass* over practically simul- 

* A. Stansfeld, J, InM. Met, 15 (1916), 289; G. C. Stone, Trana, Amer, 
Slecirochem. Soc. 25 (1914^, 162. • 
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taneoiwly. faef. that twfj-tWirda of the zinc is (^ndenstni as 
blue powder is easily ynderstcKKl. 

Various nieap,s hav(x. been suggested to rwlm'e the amount of 
carbon dioxide in the “ exit gases," one b(‘ing the iiUTease of coke 
ip ‘the charg(‘. Expriments have shown that by passing the 
vapours through a sj)a(‘e filled with incandescent earbon, tlio 
formation of blue powder can largely b<^ avoided. 

' Tliero is, liowever, another important cause of the formation of 
powder, namely, an unduly low temjierature in tiu* condenser.’ 
If the condenser is only slightly below th<‘ boiling- pohif of zinc, 
the metal will condense* only on the walls, and the drops of liquid 
first formed may groxy, and eoah'str. If, however, the tem])erature 
of the whole vc'ssel is Ik'Iow tin* no Idng-point of zinc, small globules 
of zinc will a])p(‘ar in susj)ension in the gas as it pass(‘s through th(' 
condenser; these globules will ha\«‘ iki clmnce to coalesce before 
they beconu* solid Thus a pow<h*r is jiroduccd instead of compact 
zinc. Kvidently tlu* temperaluix* should be l(e])t hetweem the 
boiling-point and tlu* melting-point of zinc, in sonu’ exjierimi ntal 
plants,- the artilic'ial heating <d the condenser has hec'U a]>plied, 
but m a manufacturing jilant this ought not to la* lu'cesKary.’’ 

The ty])e of blue powder «ju(‘ to an abnormally <‘ool condenser 
can usually be nudted up to form ordinary conijiact zinc, whereas 
the oxide-coated jiowdtT due to the jiresema* of carbon dioxide 
cannot he melted. 

By maintaining projier conditions of working the spi'cial technical 
difficulties met with in ^Scandinavian smelting have it is under- 
stood -largely been overcome. Outside Scandinavia, several 
attempts havt* Is'cn made to distil zinc by electrothermal methods, 
but it seems unlikely t.hat the industry will lK‘como (‘stablishod 
except where power is very cheap. 'Fowards the end of tin* wai’, 
zinc was being inanufactunHl near Oologne in an electric furnace 
of a cylindrical form, which rev(»lved about a horizoiital axis.^ 
Anollje^ntepfsting^ proceiis Hiuit l>cen worked out in V 

'wfiich an unroastixl suljihidc orii of zinc, ami lead is houted with 
metallic iron. The iron removes the sulphur from both l(‘(ul and 
zinc ; the former is ta])ped inolt/en and the lattiu' volatilises. TIio 
zinc vapour paases through a chamlier fill(‘d*with incandescent 
coal, before entering the«condenser, and thus carbon dioxide is 
removed, and the production, of bli;e powdqf is avoided. In one 
• 

‘Compare F. L. Clenn Met. C\em. Jing. 11 (1913), 637. 

• For instance, thaf desoritjpd by T. M. Itaina, Met. Chem. E^vg. 26 (1922), 

894 . 

• F. T. Snyder, Tran». Amer. Ekctrochrm. Eoc. 19 (1911), 328. 

• A. J. AJlmand and E. R. WilhamH, J. Eoc, Cfu^. hul. 38 (1919), 303b. * 

• C. V. Lordier^^ 3/e«. et AUtagee/t 7 (1914), 12, p. 1. 
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modificatiol^ of this process, the linroasted or^ is heated with lime 
and fuel, no iron being added to^the change. • 

Effect of Impurities. The zinc protjucod at the smelting works 
is uHuaHy impure, containing lead, irbn, and generally cadmium. 
A great deal of*purification can be elT(u*ted by carefully remelfing 
it, at a regulated •temperature in a small furnace. Most olf the lead 
(which is only slightly soluble in molten zinc) forms a separate la^er 
at the bottom, whilst a zinc-iron alloy sometimes separates just 
above the lead. Obviously, however, the ziiu; is not completely 
purified in this way. A good deal of zinc is now purified in the 
United Statics by redistillation ; a product containing only 0-1 })er 
cent, of lead is obtained.^ When;, as in Swedim, complex ores 
containing much lead have been used as raw material without 
preliminary concentration, a very “ leac^y ” zinc is obtained, and 
redistillation becomes an ess(‘ntial part .d the smelting ])rocess. 

At many ziiusworks it is customary* to collect si'parately the 
distillate coming over at diftcTent stages of the operation. The 
first jiortions contain most cadmium, the latter most lead. The 
“ brass-sp(‘cial ” spelter made aV Alneriean works cojisists of the 
(‘arlier (lead-free) portions, which are most satisfactory for brass- 
making. « 

The elTcct of different imjnirities on zinc has been the subject of 
some discussion. '■* Most im])urities incrc^ase the susci'ptibility to 
corrosion ; lead in small <|uantities has but little effect on the 
mechanical ju'operties of zinc its(‘lf, but rend(Ts it unsuited for 
brass-making ; iron up to 01 per cent, has no elTect, but large 
(luantities make it hard and brittle. Cadmium renders zinc hard, 
and to some extent brittle ; the hardness of comnuTcial spelter is 
(^ependent largely on its eadmium content. Zinc (smtaining 
cadmium is unsuited for making galvanized wire, as the coating 
would soon j)cel *olT, but - in the amounts usually met with — 
cadmium does not render zinc unsuitM for brass-making. 

’ • The ditferenco in hardness b(*tween jiure zinc and commercial 
spelt^T it) much more*»natked in the worked state than in the cast 
atate, In'cause, whilst the pure metal undergoes self-annealing at 
(piite low temperatures, the commercial metal can be obtained, 
and preserved, in ^ho work-hard^iuHl condition. ^ For the manu- 
facture of zinc sheet, a metal with abouf 1*20 per cent, of lead and 
0-25 per cent, of cadimium is preferred ;%the additipn of 1 i)er cent. 
» W. R. Ingalls. Kn^. Min. J. 105.(191#), 9G. 

«a. C. Stono,. J, InM, Met. 12 (1918), W. R. Ingalls, J. 

Imt. Met. 16 (1916), 196 ;*G. Rigg*und G. M. Willmms, Proc. Atner. TeH. 
Mat. 13 (1913), 660. 

• ’ C. H. Mathowsoii, C- S. Trewin, and W. B. Finkeldey, EtiU. Amer. Inst, 

Min. ISng. 153 (1919), 2775^ * * 
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of copper to zine% ifi said to ’improve the roIJin|i properties 
considerably.* , ^ 

V-^ectroIj^tic Reduction of Zinc. Although the (‘Icctrolytic 
deposition of zinc has been ear‘i.‘d out at intervals for a long time 
in different ]>arts of the world, it has only recently become of 
consid<‘ral>l(‘ importance. It is esp(*eially suited for the (*xtraction 
q \ zinc from certain eom]>l<*\ ores. Many American lead-silver 
ort^ containing a certain amount of zine are concentrated to giv(' 
a product rich in h'ad ami silver, hut the jjortion containing the 
zinc has until recently often been wasted.- In such eases, it may 
prove profitable to roast the zine-eoneentrate, leaeh with su!])hurie 
acid, and, aft^•r ]Miriheation of tin* solution, to electrolyse it, thus 
producing nu'tallic zinc t»f great purity (which commamls a high 
price), tli(‘ ac!(l being, at Mie sanu* time, regem'rated. TIm^ process, 
!iow'('V(‘r, will only pro\«‘ iemun(‘ruti\ e wIktc ]>ower is ehea]), and 
el(‘etrolytic zine-jiroduction on a large scale is confined to a few* 
hkcalities, the most important b(*ing Trail (Britisli Columbia^,’ (Jreat 
Falls (Montana).* and certain phiccs in 'Pasmajua and Australia.^ 

The main i<'(juir<'f'ii‘nts for suc<Vs.Kful ('h*etrolytic zine-produetion 
are that tlie roasting shoiihl be ef>ndueted at a low temperatuns 
and that the solution shouhl be scrupulously freed from other 
met ils before electrolysis If tlie roasting is comlucicMl much above 
700 , a very stable zine ferrite, ZnO.FeT);, (probably id(*niieal 

with the mineral franklinite), is formed by eoniliination of zinc 
oxide with the oxide of iron jiresent in the material This stahlo 
com])<)und is almost insolubh‘ in sul])huri(‘ acid, and whim the 
roasl(Hl material is afterwards leached, the extraction of zinc will 
l>e very poor.** ( 'ascs of extraordinarily ])oor yields of zine obtaimai 
by electrolytic methods, which have been rejiortcd from time ^o 
time, have almost always be<*n due to an unduly iiigh roasting 
temperature. Both at I’rail and at Great Falls the roasting of the 
material is carried out in a multij)le'hearth furnace* At T* dl the 
temperature is said to la? kept bcfiiw (KX)" (’. ; at Great Falls, la)T 

9 

* J. L. Haugfjton, Md. Ind. 18 (1021), 4; Ilauszcl, Zatsch. Mit^Uk 'nt'e, 
13 (1921), 209. 

• T. French, Trails. Amer. Ekctrochm. Soc. 32 (ll^^lT), .’121. 

® E. H. Hainilton, Trans. Anur. Llrrtrochnn. Soc. 32 (1917). Il!7. 

* O. C. Italston, “ Ehn-trolytic DcpoHition and Hydmraclalhngy of Ziur ' 

(McGraw-Hill); W. R. IiigfVl«.*'rraw.'<,*.4r/nT. Elgctrochrrn. Soc. 29 (1910), 
347 ; W. N. Ingalls, Met. 19d. 11 (1917), 340. Compare H. O. Hofinari, 
Eng. Min. J. 105 (1918), 93. ^ -» 

» J. Soc. Chem. ltd. 40 (1921), 48r; J. A. Zook, Min. Ind. 28 (1919), 
734 . ® 

• E. H. Hamilton, G. Marray, and D. McIntosh, Trans. Can. Min. Ingt^ 
20 (1917), 168, gives details of the conditions of formation of zinc femte on* 
roasting. 
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730 C. leaching of the calcified ore by aekl prcRenta a problem 
rather siimlnr to that involved in ,tho loacjiing of cobper ores or 
the cyamdmg of gold tailings. The counter-eur»ent principle is 
commonly usee , so that the fr<«t “<calcine ” comes^n contact 
with practically neutral solutions, whilst the nearly exhausted 
calcmc ( (mtaming hut little soluble zinc is acted upon by fresh and 
highly acid liquors. 

The zinc sulphate solution-before it is suitable for clcctrolysis- 
.mist be free from all metals more noble than zine ; for if a solution 
(.ontaimng sueh a metal as eoiqier were electrolysed, corrosion 
eimples would be set up on the cathode, and the resulUnt current 
elheieiitpr of zine-dciH,sition would iirove to Ij,. ^erv lo«.i Of the 
I ifferen impurities likely to be present, iron is usually removed' 
during the leaeh.ng by blowing air int.v the tanks, wfLi serv™ 
O bring the whole of the iron to the Pwrie state. In the final 
.aching tank, whore the aei.lity of the liquor is eoinpletely rcniovj 
t rough the proseiiee of excess of ealeined ore, by'drolysis occurs, 
and the vvhole of the iron is ].reeipitated as ferric hydroxide, which 
IS separated- afong with the inshlufoe part of the ore -in a series 
of c assihers, thickeners, and Hlter-presses. At some works the 

precipitation ofthcironisearriediiut by ineans.dlinicstone^^^^^^^^ 

the clear uoii-free solution of zinc siilj.hate, eojqier and cadmium 
are precipitated in inetallie form by the a.hlitioi/'f .ine d.lst Z 
solution IS then icady for electrolysis, which is often conducted 
between lead anodes and aluininiiini cathodes, An lO .M.K of about 
■ volts IKT cell is eommoiily emjiloyed. The cathodes arc 
periodically taken out and the zine deposit striiq.ed off When a 
arge foaet.on of the zine has been deposited! 'and the Ch is 
iKHsiming distinctly acid, it is drawn off and used to loach a further 
.j^iiuitity of ealeinc. The solution leaving the cells may contain 
b- 1( jier cent, of foce suljihurie acid and 2 4 per cent, of zine as 
suljdiate ; after the next leaching the zine content will Is. as high 
V b-8 per cent, and the free acid will have disajqs.ared. 

llie evrrent effieiciK-y of deposition naturally depends greatly 
on the purity of the bath ; with ordinary precautions it can be kept 
as high aj 93-94 jier cent. The deisisit of zinc is quite sufficiently 
gwd, if impurities kueli as coppof and nickel are absent ; but it 
will contain pin-holes, duo to niimite vorrosion couples if tho 
solution IS foul. It if. impossible t.s obtain satisfactory deposits 
of zmo in the jiresenco of appreciivble' quantities of the metals 
mentioned. In. some cases, where an impure'solution is used, 

V 

‘C. A. Hansen, BulL Atwr. hut. Min. Eng. 135 (1918) flIS • S FIbM 
Eanniny &o. 16 (1.921,. 41,2 i O. D. Scholl, .Wel.'cral: Av’jb (mSj: 
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“ beards ” of zinc inrty Ijc formed/the dejiosition proOe^^iiig rapidly 
where the current densily is high /i.e. at the tips of the beards), 
whilst ebewhere zinc is* actually being oorrodcnl away i sometimes 
the impurities ‘'eat holes' right through the d(‘posh'- Of the 
obji*ctionable iin|)urities, eop]K'r and iron are easily remove<l, as 
stated above : but nickel, if presiuit in the (ve even in small 
qi^antities, ^\ill tend to accumulate in the bath - not being eo- 
dej>OKited with the zinc. Ores containing nickel are therefore 
unlik(‘ly to be suitable* for electrolytic treatment. Minute traces 
of cobalt or antimony (‘ause very serirms <‘orrosion to tin* deposit ; 
arsenic is also obje(‘tionable 

Manganese, which «is })res<‘nt in many zinc-ores, is not harmful, 
and its prcsenci* is stati'd by some writers* to be essential to good 
working. IVobably the pnncijial beiu'lit d(‘rived from tin* jirestiico 
of manganese is that manganesi* dioxide is d(‘posit(‘d on the lead 
anode, and reduces the (iang(*r of tin* lead sul]>hate jmssing into 
suspension in the bath, which would be highly uinh'sirable. 

Many authorities n'commend the addition of organic Hubstances,'** 
such as glu(‘ ('?• n.inhthol, in order'to inijirove the dejKisit obtained, 
and to increase- tin* eurn'id eflici(*ncy ; others say that the bath 
works best without doctorin,;/' Jt seems jirobable that some of 
the additions advocated arc vory distinctly benelieial ; but it is 
certioji that no addition will < aus<* a good zinc d(‘])osit to be obtaiinKl 
from a really foul bath. (JIue is said also to aid tin* adhesion of 
manganese dioxide to the anode, and pr<*\eiits tin* “ Hul])hating ” 
of the lead. 

The zinc obtaiin'd by tb(‘.se eleetrolytie methods is extraordinarily 
pure, OO-Of) jier cent, jnirity having been rea<*hed in Australia. Until 
a few years ago electrolytic zinc was ])fodueed in this eoiintry {at 
Winnington, ('heshire). Here a zinc chloride bath was obtaiiu'd by 
the leaching of zinc oxide with waste calcium chloride solutii n in the 
presence of carbon dioxidi**; the calcium chloride was a by-p’oduct 
of the ammonia-soda alkali process. The method is nnw aband(viit 
Recently, however, the employment of* «‘leetrolytie, nn<hods of 
sdne production or recovery in this country has found several 
advocates.^* A German authority suggests tht* electrolytic, recovery 
of zinc from the dusty mixtur<',of zinc and s?iiic oxide, ybtained 
• 

^ F. D. Jaiues, Univ. Bull. 4 1, p. 24. Comijare T. 

French, Trans. Amer. Ekclro^tyn. Sor. 32 (1917), 32b. 

• O. P. Wafts and A. C. ShajK^ Tnt^is. Amtr. Elecirocliem. *S’oc. 25 (1914), 

291. Coiiiparo C. A? Uan8r‘y, Bull. Arncr. Inst, Min. Enjf. 135 (1918), 642, 
643. i ’ 

• D, McIntosh, Trans. Roy. Soc. Cmiada, 11 (1917-18), 113, 

*S. Field, Trans. Faraday Foe. 17 (19221, 400.. (Jbrnpare S. C, Bullock, • 
Met. Ind. 16 (IJ20), 121. • * ^ 
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when brasfi^'jorap is “ blown ” ii6 a convortei for the recovery of 
the copper.^ , ♦ * 

Uses of Zlnc.^ 'J'hti main uses of^»inc*are foiinde/1 upon the 
fact tha^ it is-^umler ordinary ^mditions and in the absence of 
free acid — remarkably resistant to corrosion. Zinc sheet^ made by 
rolling the metal h(‘tween 100'' and loO'^C., is itself iise‘d for domestic 
articles, such as liath-tubs, ]){iils, etc., as well as for roofing and fe<* 
lining boxes ; it can be stamped with ornamental designs for 
ceilings, and the like; zine eastings also have been made for 
ornamental purjaises. b'or use, on a large scale, however, the 
so-call('d “ galvanized iron,” which consists of steel covered with 
zine, is employed, as it combines the chettjmess, strength, and 
comparativi! rigidity of steel with the non-rusting character of 
zinc ; both galvanized sheet and galvanized wire are made on a 
largo scale, the nu‘thods being di.scussecj below. 

Other uses for zim; d(‘pend, on the contrary, on its electro- 
motively “ active character. Zinc is used almost univcTsally 
as the attackable' mateTial of priinary batteries. Of these the 
U'clanche cell in the ” dry ” bwm is by far the most important ; 
it has been described in the section d(‘Voted to manganese (Vol, II, 
page ,‘180). The ('rnployment of ziilc to })recipitate more noble 
metals, just as gold and silveT, from their solutions has been referred 
to in connection with thosi* metals ; zinc dust is tending to replace 
zinc shavings for this ])urpos(‘, and many varieties of ” blue powder ” 
can be us(‘d witli good efTirt. At different times during recent 
years, the amount of by-product dust suited for this and other 
purposes has not bi'cn e((ual to the demand, and in 1910 atomized 
zinc was b(‘ing purposely manufactured in tlie Tnited States.*** 

Another industry which accounts for the consumption of a large 
])roportion of tiu* world's zinc ])roduction is the manufacture of 
alloys. Of these,* brass is the mo.st ipiportant. although others, 
such aa Oerman silver, zinc-bronze, and the liglit alloys of zinc 
At'itli aluminium and othm* metals, may be referred to ; they have 
all been‘discu.ssed (‘ailier’ in this work. 

* t Galvanized Iron 

For the protective coating of irW against rust, zinc is probably 
used more extensively than an%othervmt^al. It is more useful than 
tin and nickel, for instance, owing to its dneapnevS.s and owing to the 

* Ci>ni|)ttro H. IViwwk, Zd^txh, Elektrochem. 7,1 (1921^, 10. 

• K. A. Smith, J. InsA. Met. 16 (11^16), 164 ; J. C. Moulden, J, Roy. Soc., 

.. 64 1916), 519. 

‘ • H. J. Morgan and O. Q. Hals|on, Trans. Ainvr. Elrctrochem. Soc. 30 (1917),. 

230. 



fact that zinc — beinj^leng “ noble 7 than iron -con tinuj^ to proU^ct 
it to some extent, even il the eo^Tin^ contains pin-holes or is other- 
wise (liscontiniiuns. In certain nianiifacturing towns, however, 
W'hcre acid substances, like sulphi r ilioxide, ik'cut in hirg‘> rj^iantities 
ia the air, galvanized inui is quickly attacked.^ idon^ovcT, owing 
to the poisonoiLs charactiT of ziiu* salts, zinc-co\ ered iron cannot 
used for the canning of f(K)d-stulfs. 

There are f(nir distinct methods used for [)rodueing a layer of 
zinc u{>on iron. Tliese arc 

(1) Dipping the article in a bath of molten zinc (hot galvan- 

izing). 

(2) Heating th(‘ article in zinc dust (Sherardizing). 

(;{) Electro-deposition from an aqueous solution of a zinc 
salt. 

(4) Spraying the arti )“ with ziiu* globules by nuuns of a s])ccial 
gas-jet (Schoop process). 

Hot galvanizing - is the <>l(lcst process, and has long retained 
its popularity in tins countr\. hi 11H3 practically the whole of 
the British ])ro(liu tion of galvanized sheets and win' w'ere still 
produced by the hot metho(* 

B' for(‘ dipping int(> molten zinc the articlc.s must be scrupulously 
clcaiifd Sand-blasting is useful, but it must usually be followcsl 
by chemical ch'uning. Pickling in hydiochloric acid is (juick and 
efTective, but leaves tlu* metal supiT-saturatcd with hydrogen, 
and consequently hard aiul somewhat brittle. In low’-carbon 
stetils, such as are used for galvanized sheets and for fencing win*, 
this hrittleiu'ss is not si'rious : but for high-caiiion sk*.*! of liigh 
kuisile strength, such as is used for colliery-windings, the danger 
of such brittleness must not lx* o\ (*rl(K>ke<l. * 

The molten zinc to lie used in the galvanizing 'n usually contained 
in tanks of steel, which may be heated by gas, by oil, or by ^oke. 
OfU ‘11 then* is a layer of molten lead at the bottom of tins tank, belo ^ 
the molten zinc ; the l<*ad serves to jirotex t the bottom, arul iJM'iliiates 
the removal of the dross (see lx‘low). A little aluminium is often 
dissolved in the zinc to iiu’rease the fluidity ; this pracdicje app<*ars 
to he more common in America than in this coifntry. Ammonium 
chloride is thrown on to tHe surface of the molten metal from time 
to time to prevent undue < xittation,*and to t#ke up any zinc oxide 
that may be formed. If it is omitted the zinc oxide formt‘d upon 

' H. Wislicenus, Zeitscli. Angew. ChAn. 33 (1920), i, 204. 

‘ N, K. Turnbull, Iron Coal Trader Rev. 88 (1914), 783, 829 ; J. 
SroOand Iron Strel JnM. 21 (1913-14) 192. . M. Hung, Rev. Met. 9 (1912), 
78. J. R. Weraynger, Met. IM. 18 ^i92l), '*^8. 
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the surface \pndB to encase the ai<icles as theycpass through it, and 
interferes with the adhesion of the zinc. It is considered advan- 
tageous to have a voluminous foamy covering upon the surface, 
where th(^ articles enter the bathv jis ft serves to remove any last 
traces of oxide^which may remain on the articles. Glycerin^ w 
commonly added* as it is found to facilitate the formation of a 
covering having the desired character. The zinc bath should 
kept as cool as is consistent with complete fusion, so as to avoid 
undue loss by volatilization. 

The iron articles, jireviously cleansed, are then introduced, and 
are kept in the? bath long enough to reach the tcmiperaturo of the 
zinc ; they should not be immersed for longer* than is necessary, or 
brittleness may result. Where win^ is being galvanized, it is allowed 
to pass continuously through the bath., Where sheets are to be 
galvanized, the bath is sometimes (‘<j nipped with a pair of internal 
rolls between which the sh(^(‘ts pa.ss ; these internal rolls pass the 
sheets on to the “ exit rolls,” through which the sheet leaves the 
molten metal. 

The article on being withdrawn i^ found to be covered with a 
layer of zinc, and wlum the article has cooled down, the zinc will 
be observed to have crysbdlized out from centr(‘s, producing the 
familiar “ spangled ” patterns which an* charm tiuisticj of hot- 
galvanized iron. Owing to the extreme thinness of the coating, the 
number of nuclei produced per unit area is generally small, and the 
individual spangles are of considerable siz(‘. At the edge of a sheet 
where the zinc layer is geiuTally thicker, the area of the crystal- 
grain is often smaller. The size of the spangles depends also on the 
composition of the molten zinc and of th(‘ steel. In America, 
“ largo- spangled ” sheet-s are said to h(‘ favoured, being believed 
fo bo less liable to corrosion ; some manufacturers are stated to use 
a steel contidning Yitanium, in order to obtain the spangles of the 
size desired A * 

It must not be supposed, however, that the coating produced on 
galvanized iron consists of pure zinc throughout. Only the surface 
itself consists of anything like pure zinc, and below it are layers of 
zinc conlaining iron, the iron-content increasing as we go lower 
into tlip motal.’^ In the intcTii^ediate layers, the inter- metallic 
compounds FeZn., and FeZn, are preseifl. The existence of these 

Soc. Chetn. Ind.i9 {mO), Ur. i 

• H. S. Riiwdon, M. A. GrossnitUi, and* A, N. Finn, Met. Phem. Eng. 20 
(1919), 530 ; H. i£, Rawdonl iVor. Atner. Soc. ^st. Ma>. 18 (1918), 216 ; W. 
GuerUer, Int Zeitsch. Met. 1 (1911),«363; Y. Taji, Engineenng, 109 (1920), 
.327 ; fl. Winter, Rev. Met. 7 (1910). 1064. Compare U. Raydt and G. 
Taramann, Zeit^h. Anoig. Ch^n. 83 (1913), 267, who discuss the equili- 
brium diagram of unc-iron >^oy8. 
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intennediatH layem increases, nl doubt, the adhesion (t)f the zinc 
to the iron, but somd of the ziiK*-iron compounds are very brittle, 
and, if the intertnediate laver is too thick — which will be the case 
if the immersion in the liquidVi.ic has been lengthy— the coating 
may U*iid to crat'k. Sometimes the inteniUHiiate layer cracks, 
whilst the comparatively pure zinc on the surface remains intact. 

; The hot-galvanizing pnx'ess is t'xtravagant of zinc. Not only 
is the layer pnwliiced thicker than in the other pr<H‘(‘S 80 s, but. a 
considerable amount of zinc is lost thnuigh the formation of oxide 
upon the surffiee, as well as through the formation <d solid iron- 
zinc alloys (dross) within the hath ; th(‘ dross sinks to tin* bottom 
of the tiink and is })eriodically reniovf‘d with a ])crforated scooj). 
As regards tlu' thickru‘.ss of the laycT, cxj>cricnce is teachijig the 
manufactuHTs Ikjw to redue(‘ it : hut it is stated tliat tlu^ new', 
thin-coate<l, galvanized iron is Ic.ss <lurahlc, under adverse elimatie 
conditions, than the oitl inaltTial.* (’<»nservative buyers will 
prohahly eontiniK* t(» (h'inand hot -galvanized iron for some time to 
coni(‘, owing to th(‘ ahsenee of the familiar spangles ” on the 
products of the other pnKa‘s.ses 

The second method of pHslueing galvanized iron, namely, hy 
heating in zine-diist, is called “ Sber iirHizInp .** after the inventor. - 
The articles are packed in zine~”dust eontnined in air-tight drums 
which are placed in a furnae(‘ heat<‘d hy gas or l)y (‘h^etrieity, and 
kept for a few' hours at 2r)0" 4(H) V. Many types of th(^ hy-juoduet 
“ blue |)ow'der " can ho uschI as zinc dust, hut it slionld preferably 
contain as rnueli us 85 IH) per cent. <)f zinc . lh(‘ j)reseneo of a certain 
amount of zinc oxide on the particles is aefnally IxMieticial, in ord(T 
that the ])owd(‘r may he heated above the imiting-])oint of zinct 
without running. ^ 

It is commonly stat<'d that th(> layer of zine or rathei of zinc-iron 
alloy- pnKhieed by sluTardizing is due to the aetion (»f zinc v'apour 
on the iron. This may lx* tnu* at the higher tem})eralnre but 
at 250° C, a t-emperature actually employed for the sheraxdjzhrij. 
of steel springs, the vapour pressure of zinc is extremely small. 
Under these conditions, it is prohahly a contact a<^tion l)otW( er 
solid zinc and iron.-* Jt is noteworthy that if certain part.s of the 
article are not in close contact with the zine dust, they escape 
galvanizing. • 

The third method of pre^duding a vdiic de|)»sit is hy plating the 

' A. S. Argucllce, Philippine J. M'l. 11 (191C), \77 ; ,T. C. Witt, Philippine 
J. Sd. 11 (1916), 147. 

^GRberard Cowper-Coles, J. Soc. Chlm. hid. 28 (1909), 399. Soo slao 
Machinery, 5 (1916), 613 ; M. Sang, Rev. Met. 9 (1912), 275, 343. - 

• J. W. Hinchley, Trane. Faraday Soc. 6 (1911), *33 ; O. W. Storey, Met. 
Chem. Sng. 14 (*916), 683. ® 
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article elAtrically from an aqueous solution of a zinc salt. 
Sometimes a solution of the sulphate is employed for this purpose, ^ 
the solution being generally kept faintly add ; sdhie of the baths 
recomnK^nded e^pntain acetic acid; Various addition agents are 
frequently included in the bath in order to improve the depoSit^ 
aluminium sulphAtc is often added, whilst the presence of glucose 
is said to cause brilliance in the coating. Recently a cyanide batjj 
has come into favour, as it is said to have a better “ striking power ” ; 
that is, it allows zinc to be deposited in the depressions of irregularly 
shaped objects. The bath can be prepared by stirring zinc oxide 
into a solution containing sodium cyanid(^ and sodium hydroxide.^ 

A zinc-plating bath must obviously l)e fK‘e from other more 
noble metals, and, since the very (conditions needed for a good 
(current enicioiucy depend on tlu* absenci of corrosion, it may bo 
expcccted that the deposit formc'd (cU'ctrolytieally will protect the 
underlying metal extremely well. Naturally the articles, before 
plating, must lx* fre(Hl mo.st scrupulously from all givase and oxide. 
The curnuit (huisity (‘mployt'd is about 2 II amps. p(T sq, dm. with 
the cyanide bath, but may ofteif be*rathcr higher with a sulphate 
bath. Th(c articles aric usually kept in motion ; small articles can 
b(‘ })lHC('d in p('rforat(‘d drums which «are rotat(‘d during the opera- 
tion, whilst wire is reehnl through the bath c<mtinuously and comes 
out with a covering of zinc. 

The eU'ctrolytic depositiofi of zinc has been advocated for the 
galvanizing of tlu' eabl(‘s used for th(‘ susptMision of the cages in 
rniiK'H, wlu're some authoritic's regard hot galvanizing as dangerous, 
(wing to tfio possible formation of brittle iron-zinc compounds.-’ 
Tht' interrtu'diate layer of iron-zinc alloy which is present on hot- 
g^alvaniz('d articles is absent- or at Ii'ast is \ery thin- on electro- 
galvanized iron. 

A method of applying a protcM-tive coating of zinc by spraying 
(Schoop^s process) has rc'cently become very popular in Germany 
and elsewhere, sinc(' it has j)roved u.seful for treating large objei^ts 
which afc difficult to •galvanize in other ways. The ‘ spray” of 
SKUC is applied by means of a “ pistol ” which is held in the hand and 
is directed at the part of the surface to be coated. The pistol^ 
contains mechanism which causes a zinc wire to be fed forward 
towards the mouth, where the zinc is melted by a jet of coal-gas 
or acetylene, which bk?W8 out a sprajf of fine zinc globules from the 
mouth of the pistol upon the sui^facq to be galvanized. The wires 

iM. Saiig, i?a\ Jl/e/. 9 (^912), 160. ‘ 

• W. Blum, F. J. Liscoinb, and C. M. Caraon, l\S. Bur. Stand. Tec/i. Paper 
-195 (1921). 

* K. Arndt, ZeiUich. A^gew. *^hetn. 29 (1916), iii, 77. 

< M. V. Schoop, Met. Ind. H (1920y 41. Amer. Machinu*, 55 (1921), 647. 
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are fed forward at the same ratv^ as they are consume!. V^arious 
modifications of the process have been intr()duc(‘d ; in some forms 
the heat is ]»rodueed t lectriealiy.’ 

Technically important Compounds of Zinc 

..Manufacture of Zinc Oxide. It has ixH^n lepeatedly statcnl 
above that it is very dilhoult in zin<*-distillation to prevent a eertn^in 
amount of the zinc iieing Imrnt to o.\id(‘ If \v(‘ conduct tlu' pna’CHs 
M'ith free access of earl>on dioxide, it is easy to obtain the wh(»le 
of the zinc as oxifl(\ \arif)Us ores and concentrate's \\hieh are 
unsuited f(»r inakin^« metallic ziii<* < au proHtal>ly Ix' em|)]oy<‘d as 
the source* (d zinc oxiele, which is a \aiuabli* white* pijfnie'iit. For 
instane'C, tlie eoin|)le*x ores e»f New .Ii'rse'V e'emtains both frankliriito 
and w'illemite, and a partial separation of tiu'se two mineTals by 
a magnetic })roe(\ss is jiossible* 'I he* fraction containing nuiinlv 
willemite* can be smelteel for nie*ta!lie* zinc, but the* fractious contain- 
ing the franklinile are* se>me*wlmt unsuitesl for this purpose, eiw iug to 
their iiigh content <*f iron ami inangane‘se. Tlu'y are therefore* UKt‘el 
for oxiele- proeluct ion, the We'theTill j>r(K*ess being einpleiytsl.* 'I’lm 
furnace* is a brick kiln, pro\ lelcel with a grate through whie li an 
upwvrel l>Ia>t of air can be* fenced , a charge of ore* and anthraente* 
rests upon tim grate*, anel (he anthracite is burnt by means eif the* 
air blast The ziiw is fe»r the moine'nt rt‘eluee*el te> the* inedallie* state, 
and bc'gins tei elistil olT as vapour : but iinme'eliate ly it rise*s e>ut of 
the layer e>f ineaiiele*see‘nt (*eml, it is at om‘e burnt by the e*\ee*sH of 
air te) zinc eixidc, which, howe*ver, being in a fine ly elivielcel form, is 
carried eive*!* as a fume* ; (he^ gases ]iass first threnigb a cexjling- 
teiwer, and the*n to a bag-house, when* they are* filtcre*e! thremgh ^ 
series e>f hags which seeve* to e*()lle*ct the* zine- e»\jde* 

Most ed the* zine* eixiele* eef comm»‘rce* is prepared in tliis way. In 
the case of zinc e)re s e emtaining ninch lead, the* prexliu t is ' y^nei 
me.ans ])ure' zine oxide, but is a mixture* eontaiiijug basie lea i 
sulphate and is st\ie‘d “ h‘ade*d zine” or ” ziney load,” ascending 
to the predominant metal. It forms, however, a saiisfaet >rv 
pigment. 

Tlie residue's left in the rt'torts of the eirelinary zinc-^meiting 
furnaces are also used as^raw material for the Wetherill procc^ss. 
The residues contain both zific anef lead, aad give a leaded zinc 
oxide on treatment on the grate.^ 

* W. Kasperowicz, ZeiUch. Atigew. Cntm. 31 (1918), i, 144. 

•Oik Paini and IMig Hrp. Nov. 2. 1914 ; Abnlrart, J, Soc. ('hrtn. Indmm 
33 (1914), 1092. E. A. Suuth, Inst. Ma.tlb (IWO), 154 ; S. J. Cook, J. * 
Sqc. Chem. Ind. ^ (1919), 138t. 
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As alr(^a(l|' nuiiitidncd, the WMherill procces can be used as a 
method of concentrating complex ziaic ores, thfi crude oxide obtained 
being employed for the prcxluction of pietallic zfne.^ 

Zinc o^ide is a most valuable ji^^mehl, and is the basis of many 
of the best whife enamels.- It has an advantage over white fead 
in that it does nbt blaekcm in the jirosence of hydrogeirsulphide. 
It is often considered superior to white lead for indoor use, but 
inferior for employment in the open air. 

Other Zinc Pigments. Si^veral other jiigments containing 
zinc have alnsady been mentioned in former volunu's of this book. 
These include “ lithopone,** tlur important pigment consisting of 
zinc sulphide and eo-precij)itat(‘d barium sul'jihati*, which has the 
unfortunate habit of darkening wlum exposed to light, owing to 
the formation of metallic zinc. The grfen pigment consisting of 
rni.xed crystals of zinc and cobalt oxidps may also he recalled in 
this point, whilst th(‘ (‘rnployment of tin* chromate {zinc jf(‘llow) is 
worthy of mention. 

Other Uses of Zinc Compo;ind<i. The zinc compounds have 
poisonous propi’rties, and prevent the devi'lopnieiit of certain 
objectionable forms of lib* ; thus the suljihate is used as a preserv'a- 
tive in glue*, and the chloride as a pre.s(‘rvati\(‘ for timber, as well 
as an antise[)tic in surgery : zinc (‘xide is us(‘d eoiisid(‘rably in the 
preparation of ointnu'iits. Tlu* oxide also iinds employment on 
a large scale in the linoleum and rubber maniifactmi's. 

*W, R iiignlls, Kfvj. Min. J. 104 (1017). 4.‘»7 : 

(-liortto, Mil. Clinn. Kiuj. 19 (lOlS). 20. 

“ S. ,J. V^ok, ./. Sor. (’him Iml. 38 (1010). IOHt. 
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CADVIIUM 

’ Atomic weight . . . 112'4(l 

Cadmium ()C('nj)ios a position in the (Jrou}) ilB intermediate 
between zinc and mercury, and its })roperties aiv. on the wliple, 
intermediate' U'tween the properties tlioso two nn'tals, although 
it has p^rliajis iiiore in common with zinc than with mercury. 

The Metal 

(.'ad?niu!n is ratlu'r uhiicr tlian zinc and re'sembics tin sonu'what 
in aj)])carancc. It is niore easily fusible and more volatile* than 
zinc, the melting-pe)int being 322 ‘ and the be)iling-point 778'^ C. ; 
the* vapeiur-density indicates that the mole^cules ce)nsist of single 
atoms- as in the* ejeise* of zinc. When molten cadmium is alle)W(‘d 
to Holielify in a e'rnejblc, tine six rayed stars may be* senm in relief 
on the free surface', indicating that cadmium crystallize's in the 
hexagonal system.^ (’aelrni.nn is fairly se)ft, and sullieiently 
malle'able and ductile for the making of foil and wire*. Acce>rding 
to sofiie authorities, more than one allotropic modilie'atieen of 
cadmium exists.’ 

A cemsidcrable part of the trae'cs of impurities which an* present 
in eirdinary cadmium exist not in seilid solutiein, but in the spacii 
between the grains, presumably as a eutectic. I’he existence of 
this inter-granular netweuk of impurities, whie h must be e>f some 
importance in determining the mechanical character of ordinary 
cadmium, can be made visible by dissolving t,be cafimium in a 
concentrated solution of ammonium nitrate a reagent w'Jneli 
dissolves the metal without gas-e volution, and thus lea\''s thej 
films of insoluble impurities undisturbed.^ It is nntew'f)rthy th'^S 
cadmium which luis bet'ii purified by distillation in vacuo ieavijs 
a much smaller quantity of this inter-granular impurity. 

Although less reactive than zinc, cadmium evolve h3'drogen 
gas from dilute hydrochloric acid, when brought into cont,.et with 
a metal like nickel ; it will precipitate mcjre noble metals, such 

» W, Campbell, MrtaUurgic, ^ (1907), 801. 

* F. H. Ge'tiiian, J. Amer. Scz. 39 (1917), 1806. E. Cohen and 

W. D. Helderman, Acad. 16 (191 ll), 486; J. N. Gnionwood, 

Trana. Faraday Soc. 17 (1922), 681. Hbwever, M. Cook, Tran«. Faraday Soc, 
(1923), attributes the changes of properties obtained on annealing cadmiuniHb* 
to recrystallization. < * 

* G. Tammann* Zeitach, Arw 'y. Che**'. 121 41922), 276. 
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OH lead, cop[V'r, silver, or gold, froHi solutions (d their salts. These 
replacements proceed best when tlwi cadmiufn is not quite pure. 
As is to b(! expected, cadmium is less ^‘asily oxidized and more 
easily rc'^uccd to the nuitallic cifrtditioli than zinc, ^'he super- 
ficial oxidation of (sadniium on exposure to hot air is, howefer, 
[lOHsibly more noticeable than that of zinc ; but in considering this 
fact tb(^ dark colour of cadmium oxide should be remembered. 1%, 
metal can b(^ “ burnt to the brown oxide, when heated in the air. 

Laboratory Preparation. Cadmium can be prepared compara- 
tively ri'adily by th(i electrolysis of the salts. The difficulties 
connected with Cie efficient electrolysis of zinc solutions do not so 
seriously affect ilie tri^atment of cadinium salts, on account of the 
less HMictive character of the lattiT metal ; but nevertheless the 
deposition is more efficient and tlu^ deposit is more regular if the 
solution (unployed is pure. If a eoncent|;.ated solution of cadmium 
sul[)hate containing a trace of free acid is ('leiitrolysed, metallic 
cadmium is deposited on the eatbod(‘. An alternative method of 
obtaining m(‘tallic cadmium is to tn^at a solution of the sulphate 
with metallic zinc, which brings down the cadmium in a dark 
spongy form. 

Compounds 

Cadmium is, like zinc, divalent in its stabk' compounds, but, 
unlike zinc, forms a f(‘w highly unstable conijumnds in uhieh it is 
monovalent. 

A. Compounds of Divalent Cadmium (Cadmic Compounds). 

Cadmic oxide, CdO, is a brown body formed by heating 
tlie metal in air ; it may also be obtained by igniting the nitrate 
or (;arbonate. Wk'n prepared in the hytlrated condition by the 
precipitation of cadmium salts with sodium hydroxide, the 

hydroxide ” jnodueed is white. The anhydrous oxide can be 
obtiiinedi by heating, this hydroxide. Cadmium hydroxide Is 
spluble in ammonia, but not in sodium hydroxide, thereby differing 
from the^ cor-esponding zinc compound. 

Cadmic Salts. ' The soluble, cadmic salts are formed by the 
action of the acids on the metal, the hy^iroxido, or the carbonate. 
They are white crystalline bodies, bn* the whole resembling the 
zinc "alts. The sulphate, 3CdS()^.8rf,0, crystallizes in mono- 
clinic prisms, although u/ider certain circqinstaiuX'S a heptahydrate, 
CdS 04 . 7 H, 0 , which is rhombic ahd isomorphous A\ith zinc sulphate, 
'tan be isolated. ^ Th^ chloride has not the same affinity for water 
‘ F. Mylius aiid B. Fynk, Bet*. 30 (1^97), 8|?7. 



CilOMIUM 


167 


e 

as zinc chloride, ar/J the aiihytj^rous chloride can be^obtained by 
heating the hydraU'd chloridti without serious loss of hytlroge,»i 
chloride ; like the chiorido of the zinc, it is volatile, and may bo 
purified by sublimation. 

n jSvon more pronounced than in the case of zinc is the tiuidcmcy 
to the formation of complex anions containing cadmium and halogen 
elements. Thus the double iodide of potassium and cadmium 
appears to ionize in the manner indicat-ed by the formula, K[C<iJ 3 ] ; 
on electrolysis of the solution, th(‘ cadmium moves, not towards tlie 
cathode, but towards the aiuKle. Kven in a solution of the simple 
i(xlide, the cadmium t-ends to move to the anode? rather than to the 
cathode when the foncentration is high, and the facts are best 
explain(‘(l by asLSuming the formation of some complex salt such as 
Cd[CMl 3 ] 2 . When the solution is diluted, tlu? comj)lex b(‘ginH to 
break up, and the cadmium begins to move towards th(‘ cathode.^ 

As in the case of zinc, the carbonate, phosi)hat(\ oxalat(‘. and 
sulphide arc inmluhle. The first three nnoitioncd an* white 
precipitates obtained by the addition of the coiTcsjjonding sodium 
salts to a cadmiinn sulphate sobdion. The sulphide is, however, 
a golden yellow prcci[)itate. It differs from zinc sul])hide in being 
insoluble in dilute hydnK'hhvic acid, and may be ])repared therefort? 
by passing hydrogen sulphide gas through a hot solution of a 
cadmium salt containing that acid. 

B. Compounds of Monovalent Cadmium (Cadmous Com- 
pounds).- 

When anhydrous cadiuio chloride, (MClj, is fused with metallic 
cadmium, a mixture is obtained which contains cadmous chloride, 
CdCl, mixed uith r(‘sidual cadmic chloride. When trcattxl with 
water, the product gives cadmous hydroxide, which can 4)e 
dehydrated to give the yellow cadmous oxide, OlaO. The yield 
obtained by this method is small. A green mixture consisting of ’ 
the same oxide mixed with globules of metallic cadmium is taine,tl 
by heating cadmium oxalato in a stream of carbon dioxide at 
300° C. ; it is possible to remove the metallic eadmium by volatiliza- 
tion if the powder is heated in vacuo at about 350*' C. 

f 

• Analytical 

Cadmium is distingui^iecf and neparated from zinc liy the fact 
that it gives a yellow precipitate of cadmium sulphide when hydrogen 
sulphide is pasi^bd through a solution acidified ^ith hydrochloric 

* Compare J. W. McBain, Zeitsch. Elektrochem. 11 (1905), 21.5. Soo also 
R. a van Name and W. G. Brown, Amer. J. -Set. 44 (1917), 463. 

■HO. Dei^m, Tram. Qhan. Soc. 11 5^(19 re), 566, 
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acid. VarityiB other metals, howver, under these conditions a^o 
give precipitates, which in soniQ cases affe yellow. CadmiuiA 
sulphide is separated from the sulphides of arrenic, ahtimony, and tin 
through its insolubility in ammorivm Jiillphide, and fro^ sulphide 
of copjtef by viftuc of its insolubility in potassium cyanide. Th» 
separation of h^ad depends on the preei})itation of the 'latter as, 
sulphate. The s(^paration of cadmium from mercury depends 
the behaviour of the sulphides towards hot dilute nitric acid, which 
dissolves the cadmium sulphide, together with that of bismuth, 
if present, but leaves mercury sulphide iindissolvcd. From the 
solution bismuth may bo precipitated as basic carbonate, leaving 
cadmium in solution.^ • 

In this way the separation of cadmium from all other metals 
is brought about. It may then be j)reeipi(ated as carbonate and 
weighed as oxide. As in the case of zinc, cadmium compounds 
must not be ignited in contact with the'Hlt('r-pa])er, or they will 
suffer serious loss of weight through thi* n'duction and volatilization 
of the metal. 

Cadmium may be estimated at. m(*ial - by th(' electrolysis of a 
solution containing potassium cyanide, a bright silv(T-vvhit<5 deposit 
being obtainable under these conditions. Solutions of cadmium 
sulphate containing free sulphuric acid may also be used, but the 
deposit obtained is in this ease darker and not (piite so smooth and 
coherent. 

A volumetric method of estimating cadmium depends on its 
precipitation as sulphide' , and the titration of the cadmium sulphide 
with iodine in the presence of hydrochloric acid. ’ The reaction is : 

‘ CdS+2HCl-M3 CdCl^ f2HI + .S. 

Terrestrial Occurreni'e 

Cadmium occurs to a very much smaller extent than zinc in 
"I'feck-magma, but the conditions favourable to the concentration 
of zinc ai*e likewise favourable to the concentration of cadmium. 
Consequently small amounts of cadmium are found in many zinc 
ores, whetiher primary ores like blende, or oxidized ores like cala- 
mine, cadmiuhi probably exists, in most cases, in solid 

solution in the zinc minerals, the caihuium Sterns no doubt replacing 
a certain number of aino atoms in* the crystal-structure. The 

* FoVfurUier details of inotiiods, 8e«»W. <iV. Scott, “ S^daid Methods of 
Chemical Analysis *' (Crosby Lockwood). f ^ 

'See A. Classen, "Quantitative Ailalysis by Electrolysis." Translation 
djy W. T. Holl (Chapman A HaU). 

* 'S. Pile and R. Johnston, "Tested Methods of Metallurgical Analysis" 
(Witherby). * . * • 
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cadmium content o5 the zinc minerals rarely exceedf 3 per ceiit. * 
and js generally mufih less. liho occiuronce of sniafl amounts of 
cadmium in what are regardeii as ores of lead or of copper ^411 
also readily he uudcrstoovl. Minerals which contain caiimium as 
the main metallic constituent are very rare, although the yellowish 
sulphide 

Gree lux' kite .... CdS 

has been found in Scotland. 

'rK('HNOLO(JV and I’SKS 

When cadniiferous zinc-ores are sin<*lted, the cadmium, i»eing 
not only more easily redueihlo than zinc hut also liion* volatile, 
comes over almost entirely with the first portions of the distilled 
metal. These first porti(:ns of zinc-vapour, as has Ix'cn remarked 
already, do not collect as Injuid zinc in the adapter, heeanso the 
condensed gloi)ulc8 become at oraa* oxidized on their surface*, and 
will not coalesce, Th<’ cadmium-rjeh portion of the zinc is therefore 
found after the di.dillation as a ]>artly-oxidized powder in the 
nozzle or pndong attacluxl at the (‘iid of the adapt(‘r, a fid for this 
reason it is obtained seyiarafely from the bulk of tfu* metal. 

A quantity of cadmium oxide is also present in the dust carriisl 
out Ia' the gases from the preliminary roasting of the zim; on*s. ^ 

In addition, a great deal of the dust obtained in the bag-hoiises at 
certain American copper- works and lead- works, is a valuable source 
of cadmium.-* 

If the cadmiferous duht^ whatever its origin is mixed with 
fresh coal, and distilled at a low red heat, Uie first jiorfion of the 
distillate will be found to be still richer in cadmium, the content 
of which may now reach 7o )>cr cent. If this rich distdlatc bo then 
mixed with coal and distillei,* carefully a third t ime, at a low tempera- 
ture, moderately pure cadmium metal may be obtained. 

It is, however, more usual to dissolve the dust containing 
cadmium in acid, th(‘ cadmium and copper being thrown down 
from the solution as a “ mud ” by means of zinc. The mud is theVi 
treated with dilute sulphuric acid which dissolves the t'admium, 
and leaves the copper. Jhe e^lmium is again thrown down by 
zinc and once more redissoh^ in acid : the solutyiii is purified 
chemically from iron, tha/lium, etc., and the cadmium is finally 

deposited by electrolysis.^ t 

/ , • 

» A. T. Ward, Min, Ind. 28 {1919)‘ 64. 

■ H. R. Hanley, Mei. Chem. Eng. 23 (1920), 1257. See also C. E, Siebenw-i 
thal, U.S. GeoL Surv. Min. Htt. (1917), I, t9. * 

»H. B. Hanky, CAem. TrwA J, (1921),. 67. 
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A little cadmium is produced %8 a by-product of the lithopone 
manufacture. If the zinc salts intended Pfr the preparation of 
lithopone have been made from cadmifepous orh, th(5 cadmium 
should bo removed by means o^ciiu? bust, or the pigment will 
be yellowish owing to cadmium sulphide. • 

Uses of Cadmium. Although cadmium -plating has been used 
occasionally, instead of galvanizing, for special purposes, the greater 
part of the metal manufactured is consumed in the preparation of 
alloys. Cadmium has itself a low melting-point, and, by admixture 
with other metals of low melting-points, very easily fusible alloys 
can be made. For instance, Wood’s metal is composed of lead, 
bismuth, tin, and cadmium, and melts at aboutViO” C. It is used for 
automatic electrical cut-outs and thermometric alarms, as well 
as for the “setting” of crystals in the *“ detectors ” of wireless- 
tt^lephone apparatus. (HIkt fusible allpys whi(!h melt at rather 
higher temperatunvs are known. An alloy of lead with about 
10 per cent, of cadmium and about 10 [mt cent, of tin was used as 
a solder during the war, (‘specially ui Germany, where there was 
a shortage of tin. 

The (juestion of adding eadfuium to the (!opp(‘r us(‘d for electrical 
purpos(‘s has bec'u refernal to in the Action on copper (page 54). 

Cadmium sulphide is a valuable yellow pigment, whilst cadmium 
is also used as a colouring agent in the glass and ceramic industries. 
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ME^'CUllV 

At-uniu: weight . . . ^Od-O. 


The Metal 

Mercury is the remaining member of group lln. The change of 
properties which was noted in juissing from zinc to cadmium is 
observed again in passing from cadmium to nu'n'ury. •fust as 
the })oiling -point and melting-pf>int of cadmium wen* lower than 
thos(‘ of zinc, so the })oiling-])oint and m(*lting-))oint. of mercury 
are low(‘r than thost* of cadmium. In fact mercury is a li(piid at 
ordinary t('mperaturi‘s, and only becomes solid at .T) C. ; it is, 
moreover, appreciably volatile at ordinary t(*m])eratures. and boils 
at 357" ('. Mereury vapour (‘onsists of monatomii^ molecules. 
Mercury is }lca^ i(‘r than cadi.dmu. just as cadmium is heavier than 
zinc, the spi'ciiic gravity of mercury b(‘ing as higli as l.'bb ; it is, 
in fact, the h(‘avicst liejuid known. 

Mercury is a silver-white licpiid, which possess(*s a high surface 
ten.'KMi : a mass of mercury disjilays a marked teiuh'iicy to gather 
itself into such a form that the surfai’c area is a minimum. For 
this reason, in spite of the high specihe* gravity of the metal, small 
globules preserve an almost completely splierical form, the sjihoro 
being the shape in which the ratio of surfaces area to volume is a 
minimum. Larger masses of mercury a.ssumc the form vf flattened 
spheroids, as tlie result of a compromise between the ojijiosing 
forces of surface t(‘nsion and gravity. Surface* forces of a similTir 
character are responsililc for the shajx* taken up by the surface of 
mercury placed in a gla.ss \\‘s.sel ; the sui*face of the* m(*rcury droops 
dow nw^ards at the edges of the vessid where it approa(*hes to • glasK 
Again, if a U-tube with tw’o limbs of imc(jual bore be p'tftly filled 
with mercury, the level of the liquid will be found to be low^ r in 
the narrow limb than in the wide limb ; with water, and most 
ordinary liquids, the level is highest in the nAirow limb. 

Another effect of the sume surface fonies is that two globules of 
clean mercury when broughtf into contact jj,t onco^arescc into a 
large globule, .the combiift*d surfac*e area being greatly flimi|]ishcd 
by the change, ^f, however, \he Surfacei^of the glqbules bo covered 
with the least scum, rib such coalescence will occur. If, for instance, 
mercury Ik^ rubbed up with fat, it bccomea divided into minu4c • 
globules whic^j do not reuruto, and a it^rcurfal “ ointment ” resulte. 
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Similarly mircury treated with siklphur becomes changed to what 
appears to be a grey powder composed of solfd particles ; really it 
consists of liquid globules, prevented from- uniting by the film of 
sulphur or sulphide on their surt'ace/ ^fhese phenom’ena, which 
can bo obVrved in the case of mercury at the ordinary temperature, 
help to elucidate i^ome of the facts mentioned in the section dealing 
with zinc (see page 149). It was there stated that the superficial^ 
oxidized globules of molten zinc obtained during the first stage of 
the distillation in zinc-smelting fail to coalesce together, but remain 
as separate particles, which finally pass into the solid state without 
uniting ; the formation of “ blu(‘ powder ” in zinc-distillation finds 
an analogy in the formation of pow(l(T wlu'h nuTcury is rubbed 
up with sulphur. 

Mercury drops exjwsed to an atmos[)ben^ containing ozone or 
hydi’ogen peroxide lose their characteristic niobility, and tend to 
stick to the glass, or wfien they are made fo run o\a'r it leave streaks 
or “ tidls ” behind them : this is also dii(‘ to snp(‘rticial oxidation. 

The increase in “nobility” which was noticed in passing from 
ziru! to cadmium is v(‘ry marked I when w'(‘ pass on to mercury. 
The latter metal falls close to silver in tin* Potential Si'ries. Mercury 
is very easily reduced to the imdallic st;‘t(‘, and is not easily oxidized. 
By heating nuTcury to the neighbourhood of its boiling-point 
in air or oxygem a cesrtain amount of nuTcurit; oxide is certainly 
formed, hut this oxides is itself decom})osed by heating at a higher 
temperature. 

Since mercury falls on the “ noble ” side of liydrogen in the 
Potential Seric's, it is unattiu’ked by dilute sulphuric or hydrochloric 
acids. When treated, liowever, with hot concentrated sulphuric 
acid or with nitric acid, it nwts with the formation of mercimy 
salts. Sulphuric acid is reduced to sulphur dioxide, and nitric 
acid -under ordiiuiVy condition.^ to oxides of nitrogen. Nitric 
acid free from nitrous acid has practically no action upon mercury, ^ 

Laboratory Preparation. Most mercury compounds, e.g. mer- 
curic chloride, when iiMxeU with excess of lime and heated in 
a glass retort, yield the metal, wiiich distils over and can be condensed 
in a vessek containing water. It is likely that the oxide is produced 
first, w'hich then decomposes into^nercury and oxygen. 

Mercury compounds are also easily reduced to the metallic 
state in a w'ot' manner, e.g, by adding^stannous chloride to the 
Bolutimi of a salt ; but tjie mer<;ury*is brought doVvn as a black 
finely-divided form, which is only converted to thi' familiar silvery 
liquid upon boiling with hydrochloric acid. 

» V. H. Veley, J. Itid. tO (1891), 204. 
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Mercury is very apt to b(*conle» impure by attacking #)ther metals 
witl\ which it may come in conjact, and also to become foul owing 
to the f(^rmation of a superficial film of greivse or oxide which 
prevents r^ady coalescence of , the piirticles. The purification of 
mercury is therefore a familiar laboratory opeintion. 'A great 
deal of sdum can usually be removed by pressing the liquid through 
leather or fabric, whilst many of the less noble metallic impuritictt 
can be dissolved oqt by treatment of the metal with dilute nitric 
acid. 

The only eomj)letcly satisfactory method of ])urification is, 
however, by distillation, jueferably under reduced pressure. 
Innumerable forms wf apparatus ha\e lurii designed for distilla- 
tion m vacuo" in the lal)orat«n-y. ' 

Colloidal .solutions of mereurv ean be obtained by striking an 
arc below \\ater betwc^en a platinum negaii\t! jiole and a mercury 
positive ])ole, 11(1-22(1 \(»its Ix'ing enqilo^’isi,” or by the action of 
hydrazine or «)tlier rtslueing agent on a solution of mercurous 
nitrate.'^ In both methods espinually tin* s(‘cond — the prejiaration 
is c.xtrmnely un'-tabh*, nnlese a p. ott'ctivi^ colloid is present' ; gum 
arahic is rccumincodcd in the first method and sodium protalbinato 
in the second. 

Alloys of Mercury. Mercury bums with otluT motalH a scries 
of a'lnys. Unown as amalgams. 'I'hese are usually liquid when 
only a small quantity of the sccoikI metal is present, but are 
otherwise giuierally solid. 

Many anialganis arc formed by the diieet union of the component 
metals. Thus on adding sodium to mercury it dissolves rwidily 
with a great evolution of heat, yi(‘ldiiig sodium amalgam ; in fa.(^:t, 
if mercury is pounal on to sodium an exjilosion usually cKjcurs. 
This hcat-(?volutioM w'ould sccni to point to some chemical combina- 
tion, and the mc‘lting-])oint curve of the sodium- merem-y alloys^ 
actually suggests tlu' (‘xisteiiee of several inter-metallic v'oiiiT‘'*unds. 
There is evidence of the individuality of the following comp>»'»ii<’ > . 

NaHgj, NaHgi, NaHg, Na^Ugj and Na.Hg 

whilst there are less certain indications tliat others, such as Na, ^Kgis 
and NajHgs, may exist. Amalgams containing more than about 
0*8 per cent, of sodium (t>y wefght) an^ solid at or^axiLt<3mpera- 
tures ; the amalgam having the composition kiaHgj dfinsists simply of 

• ' 

» A. W. Wright^ A wkT. J. Sa. 22 (1881), 470, d<«erilKJ8 a fonn which 
maintains its own vacutun. 

•A. tjiutbi€T and G. L. Woist% KolL Zfitscii. 25 (1910), 07. 

® C. Amberger, KulL. Zextsch, 8 (1911). 88. i 

* A. Schuller* ZeUscA. Anoi^. Chan^AO (i^i), 386, 
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this one intet'-mctallic compound anil has a majimum melting-point 
360° C. On the other hand, alloys in which the atomic perceijtage 
of sodium is 85-2 per cent, consist of a eute«tic mijfturo of sodium 
and the compound Naglig, and Ciave' A melting-poinf as low as 
21 4° C. ' 

Sodium amalgam d(‘compos(‘s water giving sodium hydroxide, 
the reaction being aided by a substance like iron or carbon which 
acts as th(‘ cathode of the corrosion couple. But even under such 
circumstances, sodium amalgam reacts with water much less 
violently than jniri' sodium, since ])ai*t of the energy inherent in 
sodium has already bi'cn expended in its combination with mercury. 

Amalgams wiuik in sodium can actually be*prcpared by ele(dro- 
lysis of a sodium salt solution, using a mercury cathode, but only the 
liquid amalgams are readily prcpari'd inj:his way. 

iSodium amalgam is used in organic chi'mistry as a reducing agent. 

The amalgams of zinc, cadmium,* bismuth, lead and tin 
can be prepared readily eitlier by the addition of the second metal 
to gently h(‘atcd mercury-- or by the action of mercury ui)on the 
molten metal. In preparing the‘alloj\s the rnoltmi metallic mixture 
should be coveri'd with a layer of vaseliru' or jiaraflin to prcvi'iit 
oxidation. Aceiirding to Ihisehin,^ tly^ melting-point curves in all 
eases afford no indication of any detinite internu'tallic compound. 
Tile alloys of mercury with cadmium and zinc ap{)ear to consist 
of mixed crystals, and tlu* beautiful six-rayed stars which appear 
on the uppi'r surface of th(‘s(‘ alloys whim they ari' allowi'd to solidify 
in a crucible seem to indicate that the mi.\<*d crystals belong to 
the lu'xagonal system. (\)})per also reacts slowly with mercury, 
becoming converU'd into a brittle copper amalgam. 

Silver amalgams can lie obtained either by the action of silver 
nitrate on im'i’cury, or by the ludion of mercurous nitrate on silver ; 
the alloy-system ajipeurs to include three inter-metallic compounds, 
namely, AgjHg^, AgjUgs, and probably Ag.dlg ; as to which of 
t'licso will be produced depends on the proportions of silver and 
mercury , salts in the- solution. The compound Ag 3 Hg 4 is the 
b^st-knowii ; it usually appears in fine four-sided needles, and is 
stable in contact w ith all solutions in wdiich botw’ccn 2-5 and 18 per 
cent, of the total quantity of the two dissolv(‘d salts consists of 
silver nitrate.- 

The amalji'MAis of gold have also1>evn studied iq detail ; three 
inter-metallic compounds^ AujHg^ Aujllgs and AuHg* exist 

. V 

»N. A. Pusohin, Zeit.<tch. Ariorff. C/hrn. 36 (1903), 201. 

,*W. Reiudere, ZeMt. Phys. Chetn. 54 (1906), 609. Compare A. Ogg, 
•ZeMu Phys. CAm. 27 (1898), 285. See also Vol. I, j>ag(? 398. 

• S. A. Rmley and R. F. Sqlmeider^ Awnr. t'Arm. Soc^AZ (1921), 740. 
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Several of*the aniiajgams can obtained in a plastidform which 
is capable of “ setting*” slowly tp a hard mass. This matt(T, which 
is of great irnpcfrtance ?n dentistry, is considered in the tix'hnical 
section. Mbttils like irons andr platimira which have v(‘ry high 
melting-points are not readily attacked by meicury, at ar^' rate at 
low temperatures ; mercury can be j>re8ervt‘(l in an iron bottle 
wjthout undue fouling. 

Compounds 

Mercury forms two seri(‘s of compounds. Besides the mercuric 
salts, in which mercury is divalent, and which an‘ analogous to tlu^ 
zinc and cadmic salWi, there is also a low<‘r serit's of mercurous 
salts, in which the metal is apparently monovalent. No zinc 
compounds of this tyja* an‘ known, although unstable bodies of 
similar composition (the cadmous ” salts) have already b(‘en 
descrilied in the case of laflmium. In mercury, InovevtT, tlx* lower 
series of .salts are vitv well d(‘velo])ed. 

Wlien mercury is heated Hith an r.rcc,v,<? of strony nitric acidy 
mercuric nitrate is formed >* if> any mercurous comjiound is 
formed in the first instance, it is soon eonviTted by the oxidizing 
acid jiresent into the mercurie salt. On the other hand, if (xccsh 
of mf'rcury be acti'd upon liy dilute nitric acid at ordinary temju rat arcs , 
mercuious nitrate is the product ; any iiui'ciiric salt which may Im. 5 
formed temporarily is almost completely n'duced by the exe(‘KS of 
metallic mercury present, from the two nitrates, the oxides and 
other salts of the two .series may be prepart'd 

A. Compounds of Monovalent Mercury (Mercurous Com- 
pounds). 

The mercurous com pounds closely resemble the silver comjiouruis 
in properties a circumstance that is not surprising, since the 
formuhe of tin* twti classes are analogous. I’hc oxide, Hg^O, at> 
prepared by precipitation of a mercurous salt w ith caustic alki.li is ft 
browTi-black precipitate containing appai^'iitly no combine^ 'vatei ; 
in this respc'ct it resembh's silver oxide. But, when precipitaU d at 
a very low Umijicrature (e.g. by the action of potash dissolved in 
70 per cent, alcohol upon alcciholic raercm-oiw i*itrate at — 42 " C ), 
a yellow precipitate is obiainecjif which may be a hydroxide ^ ; if 
the temperature is allowed to ^ise, tjie precigitate o^iiriCtrQarkens. 
Mercurous oxide absorbs Oxygen when exposed to the ai^ but 
decomposes to mercury and oxygen upon gt'iitle^ heating. The 
nitrate, HgNO:,.rf ^0, is—'as already stated- prepared by the action 
of dilute nitric acid on the metal, and when isolated by evaporaticc 
1 li. B. Bird, Alt^er. Ch^;n. j! § (1880), 426. 
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is a white (i'ystalline body ; the^Jilphate is^ like silver sulphate, 
a much less soluble substance th|n the nitpate, and is prepared 
by the action of sulphuric acid on excess of njercury.* The chloride, 
HgCl (calomel) and bromide, H(gpr,'a|’e, like the cotresponding 
silver colrip(junds, heavy curdling precipitates, very insoluble jn 
water, the bromide being more insoluble than the chloride ; they 
are produced by the addition of any soluble chloride or bromide 
to a mercurous nitrate solution. IV) complete the analogy wi?h 
silver, they darken when ( xposed to light, metallic mercury being 
formed. Both these compounds are volatile, and distil apjxirently 
unchangf'd (see, homver, he/ow). 

Mercurous iodide, Hgl, is rather unstable, and partially 
decomposes to mercuric iodide and mercury ; consequently when 
potassium iodide is added to a mercurou^ salt, a greenish mixture 
is precipitated, containing linely-divhled mercury as well as 
mercurous iodide. vSimilarly wluui sulphuretted hydrogen is passed 
through a inenuu-ous salt solution, instea<l of the precipitation of 
mercurous sulphide, a black mixture of mercuric sulphide and 
mercury is obtained. i *. 

Solutions of all soluble mercurous .salts readily hydroly.so, basic 
salts being precipitated. Basic nitrat(‘s and sulphates of various 
compositions are known. Mercuroirs nitrate, for instance, can only 
be kept permanently an a clear solution if a little free nitric acid 
is added. In this rcsp(‘et mercurous .salts dithu' from silver salts, 
which do not undergo hydroly.sis, Ixung derived from a more 
strongly basic o.Kide 

Molecular Formulae of Mercurous Salts. The question of 
the vapoiw d(*nsity of mereim)U.s chloride is one which has aroused 
a great deal of controvtTsy among chemists. It is now known ^ 
tViat if mercurous chloride is vaporized in tlu' complete absence of 
water, the vapoui* consists of double molecuh's HgaCl^. If the 
smallest trace of water is pres(‘nt, the‘ vapour (kuisity is halved. 
However, this is probably not due to the splitting of HgjCl, into 
two HgCl molecules, but hito mercury and mercuric chloride, thus, 

Hg,CL - Hg HgC'l.,. 

The mercury and mercuric chloride recombine when the substance 
condensbs, and honco merewouv chloride appears to sublime 
unchangl‘Cf.V..». , 

The molecular fornuila of uudecompfised mercmjpus chloride in 
the g^eous condition m\ist thefefofe be regarded as HgjClj. It 

^ » H. B. Baker, Trans. Chein. Soc. 77 (1900), 046. 

» '*■ « W. Harris and V. Mq ar, Ber. 27 (1894), 1482; V. Meyor, Jhr. 28 (1896), 
304. ' ^ 
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is worthy of notice ^hat in a<|ifous solution also th| mercurous 
gaits, show a tendency to yio^d ions containing two atj.)m8 of 
mercury ; thus •there i^ evidence* that in solutions of uiorcm’ous 
nitrate and* mercurous peit^hlorg^e the principal cation is not Hg‘, 
b|it*[Hg 2 ]‘. This evidence is derived from mciisftreineiAs of the 
variation* of the potential of the electrode • 


Hg 


Mercurous 
salt solution 


with the concentration of the solution. If the solution contains 
monovalent Hg* ioiLs, then it follows from elect nx’hemical principles 
(see Vol. I, page 324^ that a tenfold decrease in the concentration 
should shift the potential by 0-058 volts ; if the solution contains 
divalent [Hgj] ** ions it ^should alt(T it by only half this amount, 
namely, 0-029 volts. Experiment has shown that th(! })ot(mtial 
is shifted through about* 0-029 volts, and u’(‘ conclude that the 
principal ion is [HgJ ’*. 

But although, both in the gaseous states and in solution, 
mercurous oompoimcLs show •a n*irk(‘d tendency to foriii double 
molecules or double ions, this does not appear to necessitatis the 
practice— adopted by many ^authors— of writing the formula) of 
the solid salts as HgaCl,, Hg 5 j(N()a) 2 , etc. Probably Hg^Cl^ 
w'ould more toocurati'ly represent the state of aggregation of solid 
calomel. In this volume, the simj)leHt formula', such as HgCl, will 
be employed. 


B. Compounds of Divalent Mercury (Mercuric Compounds). 

The mercuric salts resiunble the zinc and cadmic salts ignore than 
any others, although the re.sendilance is not so close as that betwxH*n 
the mercuroiLs and silver salts. 

Mercuric oxide, HgO, can be obtained Ijy iieating mercury 
in air at teinjuTatures (-lo.si^ to the boiling-]>oint. But this is tc>o 
slow a method of [ireparation for practical use. It may bv forvied 
more conveniently by gently heating mertturiv nitrate. As prepared 
in the dry way it is red ; but, by precipitation of a ir.crcuiit salt 
with sodium hydroxide in the cold, a yellow form, apjmrcntJj- free 
from combined w'ater, is obtained ; even when obtained f»y the 
“ wet ” method, the pr ctipitat# is orange when broughtjiown in 
warm solution, and is 8tated^o4)e red when bojling baif(flfff1!^droxide 
is the precipitant. The ^yellow and forms are appai 2 :^ntly 
identical, as they^ave the saSio dissociation prossiye curve.* The 

1 A. Ogg, Zeitsch. Phy 8. Chem. 27 (1898), 295; G. A. Linhardt, J, Amer, 
Chem. Soc. 38 (1916), 2356. . • 

• G. B. Tavlor and G. A. Hulett, J. 17 (1913), 665. 



178 iflETALS lAUP METALUC COMPOUNDS 

difference iiE colour ia probably d'fe to the jjellow ft 5 rm being in 
a finer wtate of division. A son^ewhat interesting jelly-forjn of 
mercuric oxide is obtained under certain conditioiis when mercuric 
chloride and potassium hydroxfJe ihiferact in the 'Jiresence of 
acetone.^* * • , 

If strongly hekted in a glass tube, mercuric oxide d^omposes 
into mercury and oxygen, the mercury distilling away as vapour 
at the temperature in question, and condensing upon the coofer 
parts of the tube. 

Mercuric oxide is generally stated to bo insoluble in sodium 
hydroxide. It is found, however, that it is soluble to a small 
extent, especially in a concentrated solution of the alkali. 
A])parently a body analogous to sodium zincate is formed. ^ 

The soluble mercuric salts are in geijeral colourless crystalline 
solids. The nitrate, Hg(N()s)2.wH2(), is obtained by the action of 
excess of strong nitric acid ui)oii mercui^ ; the sulphate, HgS04, 
is likewise formed when excess of concentrated sulphuric acid acts 
on mercury. Solutions of both these salts readily deposit insoluble 
basic salts, owing to hydrolysis t thc^ can only be kept in solution 
when free acid is present. 

Mercuric chloride, HgClj, may, be prepared by the action 
of chlorine on merc\iry, or by dissolving mercuric oxide in hydro- 
chloric acid. It is a white crystalline body. Being more volatile 
than the chlorides of zinc and cadmium, it may bo sublimed with 
ciuse ; hence tlic common name, corroaire S’ublhmte. Various dry 
methods of preparing the salt are founded on this fact ; the sim- 
plest mctluxl is to heat sodium chloride and mercuric sulphate 
in a large glass vessel ; mercuric chloride sublimes, and condenses 
in fine transpaicnt crystals on tlie cooler parts of the vessel. Like 
inost soluble salts of mercury, mercuric chloride is extremely 
poisonous. 

It is noteworthy that a mercurii^ nitrate solution has an 
appreciable solvent action ujK)n silver chloride.'’ This shows that 
mercurie chloride is capable of existing in the same solution as 
silver nitrate under certain circumstaiu'cs without the precipitation 
of silver phloride, a fact which would suggest that mercuric chloride 
yields but few chlorine ions when dissolved in water. Probably 
mercuric chloride should be regarded as complex salt, Hg[HgCl4], 
or po 8 sibl^Al^[HgCldj> analogous vudmium iodide, Cd[Cdl4] or 
CdKXlla]*. Mercuric chloride is more sSlublo in potassium chloride 
solution than in pure water, a fact which suggests that a complex 

1 E. H. Bunco. J. Phya. Chem, 18 (1914), 269. 

• G. Fiisoya, /. Amrr. Chefn. Soc. 42 (1920), 368. 

> H. Morae, ZeitwA. Phya. Chefn. 41 (1902), 709. 
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chloride may be produced, po8fll^K,[Hg01,] or KCHg^IJ contain- 
ing mercury in the anion.* • 

Tlie insoluble mercuric salts include the iodide ; in this reejH'ct, 
mercury differs from zinc ftnfl '?rt?mium, which havq soluhjp iodides. 
Mei’curjc iodide, Hgl,, k; a scarlet jirccipitate, obtained by 
adding potassium iodide to a nuTcurft salt ; it rcilissolvt‘s in excess 
o{^ potassium iodide, forming a yellowish liquid which eonUins 
complex potiissium mercuric iodides such as K^Hgli] and K[Hgl 3 ], 
both of which are known in the solid state*. These complex salt-s 
are so soluble that very heavy solutions can be obtained ; solutions 
having a specific gravity of 2 8, a remarkably high value for an 
afpieous solution, art^ easily ])roduccd. ^Mercuric iodide can be 
obtained in well-formed crystals, by (TystJillization from a hot 
solution of potassium iodide. The compound exists in Tiiore than 
one form. When potassium iodide is added to a nuTcunc chloride 
solution the precipitate is momentarily yi'llow, but almost 
immediately becomes red. If, however, the solution (ontains 
1 per (icnt. of gelatiiu', the change is retanhal, and the preeijutato 
may retain a canary-yellow* coktur for half an hour or more. 
Finally, however, it becomes ri'd,** 

The red varii'ty is thus the form stable at ordinary tempiTatures. 
But when it is heated above 127" (\ it chang(‘s suddmily to a yellow 
varict>', which, however, returns to tlu* red form on (ooling. Here 
we seem to be (healing with two scjiarati^ crystallograjihic vari(;ties, 
since the red form is tetragonal and the yellow form rhombic. The 
yellow^ rhombic form glows gradually nsldiT vvh(*n heated above 
180® (' and melts al>out 255 C. to a blood-red liipiid.^ it is quite* 
volatile, the vapour being yellow . 1’he va]>our, w h(*tli(‘r it? ()ndenHe8 
above or below' 127" C., irsually yields the yellow' form, but if tin* 
condensation is very sudden a colourless product may lie obtained. 
This may be ])r(*par(‘d by heating tln^ iodide a’t 500 -500 C. in a 
long tube connected to an exhausted apparatus, arranged that 
the pressure can Hudd(*nly be reduced Inun 1 atmosphere lo 
atmosphere ; the rajiid reduction of tht^ ]>rcssiire cause ? o.’suildcn 
condensation of the iodide vapour as a white snow, which in a 
seconds lK?comes pink, and, after some minut(*s, r(*d.‘ Tint possi- 
bility that this apparently colourh'ss f(»rm may perhaps consist 
of very small particles of fhe j^^low form, (1o(*h not^^iW-to bo 
completely excluded by thy*^acts a^f they ant* kno^n^ presc*nt. 

^ Comparo M.* sf. Shemll, ZeiUt^P. PJiys. (Jhem. 43 (I SOU), 705. 

* J. N. Friend, Nfure, 10^ (1U22), 541. 

* The colour-changes are considerfHl "by A. Smita and S. C. Bokljorst-, 

Zeittch. Phys, Chem. 89 (1915), 305, 374, in coniuiction with a s{)t*cial the<ir^ 

of allotropy. ^ * * 

* d. Tammann,*J?ci4flc/i. Atiot^. Cherr. 109 213. 
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^ r 

Another interesting property of •anrcuric iodide is thafits electrical 
conductivity increases when it is exposed to* the light. ^ • 

Mercuric sulphide, as obtained in aqtieous Solutions by the 
iction of hydroji^en sulphide on a n^ircufie salt, is a black^irccipitate. 
[t dilTerJ from all other freshly precipitiited sulphides by bcipg 
insoluble in hot dilute nitric acid, a fact utilized in the separation 
□f mercury from othiT metals. Like most other niercmy coja- 
pounds, it is volatile, but pass(‘s on sublimation into a red crystalline 
variety, which is usually known as “ vccrmilion.” 


C. Miscellaneous Compounds. 


The interesting and (‘xtremely dangerous ‘substance known as 
** mercury fulminate ” will be discussed further in the technical 
section, it is a white, crystalline, explosive substance, which is 
formed by the action of mercuric nitrate on alcohol. It has the 
same empyrical (Hunposition as im‘reurie*eyanat(‘ (Hgt^jN-iOg), but 
the constitution is still a little uncertain. One authority * states 
that it should b(‘ (expressed 


0 NO 

II 

C NO 



whilst another considers it the mercury salt of tin; acid 
CH N 

I 

C(OH) N 

Mercimc fulminate detonai(‘s with violence when struck with a 
liammer, or when hcaUal suddindy. By cautious heating in mcuo 
at about HO ' C. it can be made to decompose slowly with evolu- 
tion of carbon dioxide : the velocity of d(‘com position is extremely 
slow' at lirst, but after a time it becomes quicker, apparently owing 
‘‘toHhc formation of some substance which catalytically accelerates 
the ehangt'.** . • 

r Action of Ammonia on Compounds of Mercury When 
ammonua is added to jireeipitated mercurous chloride, the white 
prt'cipltate turns filack ; this is due to conversion of tlui mercurous 
comp'':'’u3 to a mixture of a AercuAc compound and metallic 

U;. Ktoyf. Ann. pliya. 66 (1921), 483. * 

S. Heaven, J, Soc. Cfmn. Ind. 3f (1918), 143t. 

3W. R. Hodgkinson, J. Soc. Chem. Ind. 37 {1918),tl90T. 

* K. C. Farmer, Trans. Chetn. Sof. 121 (1922), 174. ' 

V ‘ K. C. Franklin, Amer. Chem. J. 47 (1912), 361 ; M. C. C. Holmes, Trans, 
Chem. ISoc. 113 (1918), <r4 ; H- Saha and K. N. Clioudbury, Zeitscli. Anorg. 
Chem. 86 (1914), 226; D. ^trOmholjn, ZeiC^h. Amrg. Chftm, 57 (1908), 72. 




181 


If,ERCURY 

mercury, which apl^cars blaoll ,n the liiioly-dix'idiKrstiite. Tlio 
re&c^iDn is important in aiialyHis heeaiis(^ it stTves to distinguish 
mercurous chloride froin silver chloride. 

Tlie amnioniacal conij>ojinds of divalent inere\iiy ree(*i\Td nnu^h 
atttuition^ from the early chemists. As a rc'sult th(‘y aiv usually 
still known by old-fashioned naim's. 

There are three separates classc's of eom])ounds ; these are 

(1) Additive compounds, such as “fusible white precipi- 
tate,” HgC1..2NH3, which can be ma<I(‘ by the direct actioji of 
gaseous ammonia on mercuric chloride, hut is more c^asily ohl^^iined 
by the adding mercuric chloride to a boiling solution containing 
both amnuniia and h,mmonium chloride; tin* pnH‘ij»itate comes 
down on cooling. Other additive (smipounds, sucli us ;{Hg( 1 .„ 2 NH 3 
and HgCl2.12NH3, have been dc.scrilx'd. 

( 2 ) “ Ammonolysed ” Compounds. If in the uk'IIkmI just 
described the ammonium chloride is omiltfd, ammonolysis ” of 
the mercuric chloride occurs, 


C\ 

Hg 

Cl 


H m, 

NIf, 



Nn.d 


The product, % known as ‘‘infusible while precipi- 

tate ” differs from the. product obtained m presmici* of ammonium 
chloride in volatilizing without fusion mIkui heated. When boiled 
with ammonium chloride, it gives tin; fusible jirwipitate 

(3) ” Hydrolysed ammonolysed ” Compounds. When the 
infusible precipitate' is digested A\itli a large amount c f water for 
twelve hours at Gf )-70 (’ , liydrolysis occurs, and \ve get the sc euili'd 
“ Chloride of Millon’s base. ’ 



Cl 











h NH,Cl 


The same chloride ran also bo jinjduced Ijv the interaction of 
ammonia and ^mercuric cMoridc in vocy dilute solution. The 
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corresponding hydroxide (]VHlIo^*6 base) istformed on warming 
mercuric oxide with dilute ammoma. • 

The connection betweem the three claj^ses of compounds just 
describee^ can bp summarized by nie two equations, 

FgCl,.2NH3 ^ NH^.HgCl -j- NH,C1 
2NHo.HgCl 1 H^O NH^.Hg.O.HgCl + NH,C1. 

Both these equations are reversible. Any increase in the concen- 
tration of ammonium chloride tends to favour the reactions in the 
“ right-to-left ” direction, whilst dilution with water has th(5 opposite 
effect. 

Neither Mil Ion’s bas(‘ nor its ehloride are jn themselv(‘s of any 
spe(ual interest, but if a soluble iodide be brought into contact 
with tlu'm, we g('t a y(‘lIow or brown precipitate of the eorres])onding 
iodide, NHo.Hg.OHgl. 1’he production of a yi'llow precipitate (or 
in very dilut(‘ sohitions a yellow eolorat(oii) when a mercuric salt, 
potassium iodide and ammonia are brought together, ])rovides a 
very dtdicats' means of detecting ammonia. Upon this fact de])entls 
the us(^ of “ Nessler solution ”*as a nudhod of estimating ammonia 
or ammonium salts. Nessler solution consists of a solution of the 
complex potassium mercuric iodide made strongly alkaline with 
potassium hydroxide. If a trace of ammonium salt be present in 
a (kinking water, for instance, its amount may be determined by 
the addition of a drop of Nessler solution, dhe caustic alkali 
pn'sent liberat(*s freu^ ammonia, and this reacts to form the iodide 
of Millon’s base. The dejdh of the yelloAv coloration produced, 
carefully compar'd with those formed, under similar conditions, 
by standard solutions of ammonium ehlorkh^ of known strength, 
gives an indication of the amount of ammonia present. 

. Analytical 

Nearly all rntTcury compounds when* heated with lime or sodium 
l^arbonate at tlu^ bottom of a hard glass tube are reduced to mer- 
cury, which volatilizt's from the heated portion, and globules of 
the metal appear further up the tube. The aqueous solutions of 
the salts mostly ^ive a bright film of mercury w'hen copper is 
immerwd in the acidified solution, but this test d(X‘a not apply 
to aBiikl^complex salts. 

The nuJcu??tas salts give With sotliTljjn chloride ^a white precipi- 
tatv which is turned black by^anqponia ; with jiotassium iodide 
they give a muddy green precipitate, aiql with caustic soda a black 
precipitate. The mercuric salfs, on the other rnand, give a red 
precipitate with the^iodide, and a yelIo>v one with caustic soda. 
The action of stannou^ .cldoridp on Tuercuric compounds is also 
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characteristic ; this reducing a^rt first converts the m Acury to the 
mercurous state, whidi results in^he precipitation of white niercunius 
chloride ; then a further partial reduction to metallic mercury 
occurs, and so the precipitate ♦darkens. Sulphuretted hydrogen 
giyos with mercuric solutions a black pctTipitatej iiKsoluble in hot 
dilute nitric acid. 

Tlie estimation of mercury depends on the volatility of tlie metal. 
In most cases when a substance containing m(‘rcury is distilled 
with lime in a combustion tube, the whole of the mercury passes 
off as metallic vapour. But some mercury compounds, like mer- 
curie iodide, would under these conditions di.stil away unchanged ; 
in these cnK(^s, a reducing agent, such as cop])er filings, should bo 
added to the mixture. 

The quantitative distibation of mercury is r-onducted as follows. 
At the closed end of a combustion lube is placed some dry sodium 
l)ic‘arbonato ; next to it is put the mixture of the substanci* under 
examination with lime, and, if necessary, (‘ojiper : next comes ])ure 
lime, and finally, towards th(‘ o|M‘n end of th(‘ tube, asbestos libre. 
The open end of the tube is now drawm out to a jioint, and bent 
dow'n so that the ojxMiing dips below the surface of water in a 
beaker, liefore the distillation stnrt-s, the asliestos and lime must 
be brought to a high temperature ; then the nuTcury mixture 
also may lie heated, .so that reduction o(*curs. Finally the bicar- 
bonate at the closed end of the tube is also warjiu'd, and a gentle 
stream of carbon dioxide is thus jiroduced which carries the metallic 
vapour along the tube and out at the constricted (‘iid, where the 
mercury is condensed beneath the surface of the water. If any 
mercury salt commences to distil unchanged, it is docomposod 
when pa.ssing over the red-hot line. The metal globule obtained 
is collected, dried with filter-pa})er and weighcid.* 

Since other metals will not be volatilized under these conditions, 
their presence does not inti rfere with the })r<K*esH ; and this method 
affords, therefore, a means not only of estimating mercury ic i^'? 
pure salts, but al.so of sejMirating it from other metals. Ibfliculty 
is occasionally exi>crienced in causing the minute beads of mercury 
which are obtained to coalesce to form a single globule. In oiio 
variation of the method, which is used in the assay of ores, tho 
mercury is not weighed a.# a globule, but is collect<d as an ajujalgam 
upon balls of metallic gold. * The balls arc^weigh#.l,'^d arc then 
ignited to elimmato moreSry and re- weighed. ^ 

There is also a method for f!he .separation of mergiry in a “ wet ” 

4 

' Sir W. Crooke«, " Select Methods of Clicmical Analysia ” (Longinaqjjf). 

*R. a. Place, Eng, Min. J. 109 (102O).,1313.t Otl.er teclimcal mothods 
wre given in th% same paper. ♦ , 
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. way. Mer(fciric salt solutions, in Ifbfi presence 9f dilute hydrocbloi 
acid, give a black precipitate whm hydrogen sulphide is passe 
through thoin . Several other metais gi ve sulphide pfecipitates unde 
these circumstances, hut the sulphnle of nJercury alone is ^andiasolvci 
by hoatibg with dilute nitric acid ; thus the other sulphides, i 
present, may ho ^removed. It is not, however, advisable to weigt 
mercury directly as sulphide, since the precipitate frequently co^- 
tains sulphur produced through the oxidizing action of the mercuric 
salt- or of nitric acid — on the hydrogen sulphide. The precipitate 
may bo redissolvcd in aqua regia, and rc-prccipitated in the presence 
of excess of })otaHsiurn cyanide, which prevents the formation of 
sulphur. The sulphide may ho dried at 100« C. and weighed ; it 
is, of course, impossi})lo to dry it by igniti(m. 

Mercury, when present in a salt solid u n free from other metals, 
may be estimate<l electrolytieally as the metal. It is best to add 
nitrile acid, and to deposit the metal u'jion a dish of roughened 
platinum which is made the cathode. In this way a lustrous 
deposit of mercury, consisting nuilly of minute drojis adhering to 
the rough surface, is produced, \ffH(‘h«may be washed with alcohol, 
dried in a vacuum desiccator and weighed. Owing to the volatility 
of the metal, it is impossible to dry ^he dish at 100° C. In fact, 
in the case of a mercury deposit s])read out over a large surface 
on a platinum dish, there is a danger of a loss by volatilization 
even at ordinary temperatures. Hence it is necessary, to saturate 
with mercury the air of the desiccator in which the dish is to be 
dried, by placing therein a globule of menuiry on a glass pan.^ 

A fairly rapid volumetric method of estimating mercury in a 
neutral solution depends on the addition of an ammonium salt to 
the liquid followed by the addition of a known amount of standard 
alkali, whi(‘h should bo more than sufficiimt to bring down the 
whole of the mercury as fusible white prccij)itate. The liquid is 
filtered, and the residual alkali estimatiHl by titration with acid ; 
tiie‘ amount of acid required gives an indication of the amount 
of alkali-used up in |>recipitating the mercury . 2 

' , Terrestrial Occurrence 

MercurYj^arely found in apprec^blo liuantities in solid igneous 
rocks, audits likely^, that, in mostrtw^es, the small amount of 
mereiiry contained in the^ original molten magma hifl largely been 
expelled with the thermal waters in Ihe last stages of the consoli- 
dation of the rocks. The w'aterd probably contained the mercury 

^ V. Borellij Ekktrochem. 12 (1906), 889. 

* A. A. iSoc. Chfm, /rtS. 40 (1921), SkSs. 
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as mercuric sulphidle ; this ti|^ have been held in® solution by 
sodium sulphide, oi* by hydrogen sulphide, in the j)n^8enco of 
which mercuric sulphide is appreciably soluble. ‘ Vs the waters 
rose, chants in the temj>efati>d> and ])re8suro, or th<^ removal of 
hydrogen sulphide by passage through limestone, may lij»V(> caused 
— ^in certain places — the throwing down of the mercuric sulphide, 
ejther in the rod crystalline form known as 

Cinnabar .... HgS 
or the black amorphous form knoAvn as 

Metacinnabarite . . . HgS 


Both of these are f(xuid in nature, hut crystalline cinnalwir is the 
more important of the two. Laboratory exjKTimcnts would seem 
to show that red cinnabar is ])r«)duc(‘d by the slow (h‘position of 
the sulphide, the dark amorplious form Ixang thrown down when^ 
the conditions allow of nVjiid ])reci|)italion. It is nob'worthy that 
bituminous substances are associatcal with mercury or(‘s, and have 
probably played a considerabh* ])art in the jinaijiitation. VcTy 
frecjuently mercury ocaairs ii>tlui«orc8 in the metallic states as well 
as in the form ol sulphide. 

Whatever be the exact cciiulitions that (h^tcrmiiu; the throwing 
down of mercury sulphide from thermal watcTs, the formation of 
the oio only occurs w’hei\ the w'aters have reached a much liigluT 
part of the crust -than that at which the ores o^ c()])per, lead and 
zinc are throwni down. The primary on's of nuTcury have been 
dejiGsited quite close to the earth’s surface. Sometimes they are 
actually produced above the surface; certain Californian th(?rmal 
springs are depositing cinnabar at the present time. ( oyseqiiently , 
the ores of mercury are restricted to ar(‘as w hich ha\e been alTccted 
by folding- movements of comparatively rec(‘nt (Icrtiary) times; 
if mercury ores were produced in connection with the earlier move- 
ments, they have since lHx*n rtmiovcd by the forces of denudation.- 
Three European localities, namely, Almadcn (Spam), Idr^ , ai¥l 
Tuscany, produce the greatcT j)art of Ua* .world s output- ; tluve 
are also quicksilver deposits in California, I’exas, end Mexieo. 
The mercury minerals occur sometimc.s as in Califorma c.ong 
with various vein-minerals in definite lodes, which probaidy rt'pre- 
sent the original fissures tfiroujili w’hich the mercury- bearin^yv^aters 
ascended. More often th*? gfeateii part of the n^or^ilry sulphide 
is found dispensed throu^ the country rock as an impregnation, 
or in cavities. In contrast with the ores of zinc, w^^ich are largely 


IS. B. Christy, J. Sci. 17 (1870), 453. Compare G. F. Bock^r, 

U.S, Oeol. Surv. Monograph, 13 (1888). 

• J, W. Gregory, Trans. Ch9m. -5»V'. 121 \\922), 709, 771. 
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confined to limestone, the mercu|jjlores do njt appeal’ to be con- 
lined to any one kind of stratified /ock. At'Aliriadcn (Spain), the 
cinnabar, with some free mercury and pyrijbes, oc(furs in quartzite 
lodes piercing sandstone and claj^^slatei in California, cinnabar 
occurs aH%an im^iregnation in sandstone. On the other hand, tl^e 
passage of the thermal waters through limestone often (lo^s appear 
to have l)een favourable to the throwing down of the mercury. 
In Tuscany, the main deposits are found in limestone or in a clay 
which is the residual deposit of certain marly limestones ; prob- 
ably the cinnabar has been deposited where the limestone has 
l)een dissolved away, 'riie Idrian deposits include some veins, but 
consist largely of dolomitic limestones, and othiT common rocks, 
impregnated with cinnabar. 

Massive cinnabar- especially when peatlicreil has not the 
bright r(‘(l colour of fn^shly sublimed aitilicial v(‘rmilion. It is 
often a darkish brown-red sub.stance, bi/l Ibe ‘streak ” obtained 
when the mineral is rubbed over an unglazed pori'clain surface is 
usually scarlet. Occasionally well-formed tabular crystals, be- 
longing to the rhombohedral syttiunf are buind, whilst a bright- 
red earthy variety is not uncoitirnon. Cinnabar is very h(‘avy, the 
specific gravity being about 8-0. ^ 


Mktallurgv .\M) Usk.s 

The metallurgy of mercury— like that of zinc and cadmium — is 
essentially a distillation-process, but owing to the fact that mercury 
is much more easily reduced and much more volatile than zinc or 
cadmium, 9. less hot furnace is needed. AforeoviT, previous rofisting 
of the ore is not necessary ; roasting and reduction can be effected 
in one operation. When hot oxidizing gases an^ passed over a 
charge containing mercury sulphide, the metal is carried off in the 
vaj)orous form. If any mercury oxide'is momentarily formed, it 
(kc^mposes at once into mereury and oxygen. 

On thf other hand„ th« treatment of mercury ore is rendered 
less easy by the fact that the cinnabar generally occurs dis- 
seminated throughout a great volume of worthless material ; 
American* mercury ores contain usually under 1 per cent, of the 
metal. J^urthcr, the hict that mercury is appreciably volatile 
even jil'lcnTMcic perat ures renders efiwient condensation difficult, 
andjome of the earlit? furnaces allowefl at least a^^uarter of the 
mercury to escape ; this state of afftirs was not merely wasteful, 
but extremely dangerous, owing to the loison^us character of 
fc n^rcury. l^luch of the loss was occasioned by leakage through the 
* w'alls of the distillation plaitt ; this losa can be rcdyccd in several 
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ways, partly by maintaining Igmction rather than I })rc88ure in ' 
thc^apparatUH, and partly byilmproving the construction of fur- 
naces and contionsersf Further difficulth's occur owing to the 
mercury cftndensing in Uu* foii^i known as “ soot.” consisting of 
globules which will not coalesce ; this foriA corresponds to 
the “ blue powder ” obtained in zinc- j)roduct ion! The presence of 
(jprbonaceous matter in the distillate -due to the bituminous 
substances in the charge — apjx'ars favourabh' to the production 
of “ soot.” 

In America, where the ores are wry ]MH)r, pnOiininary wet con- 
centration upon shaking-tabl(‘s ha.s been practised to some extent,* 
but it is by no means general, 'the (’alifornian or(‘s mim'd in 1918 
and 1917 containt'd only 9 98 j)er <-ent. of merc'ury on the axcrage, 
although thc! Tt'xas or(‘S,were riclu'r - F(»r the tn'atim'ut of these 
American ores tlu' Scott shaft furnace has ])rovc(l most «'conomicnl ; 
witli this furnace, tittcif with jn-oper c(ai<l(‘nsers, tin* amount of 
mercury lost can bc^ made (‘xtremely small.' 

The furnace consists of four rectangular shafts built in a single 
block ; along the sides of t<lic shafts arc fixed a series of slojiing 
tiles as shown in Fig. 21. Tin* ore to be tn'ati'd jiasses down the 
shafts, sliding down from f^ne tih* to tln^ next in zigzag fjvsliion. 
The openings between the tiles may vary from ,*] to 8 in. according 
to the coarseness of th<* ore to be tn'ated. Tin* hot gases from a 
fire-place common to all four shafts an? mad'* to jiass in a hori- 
zontal direction along the channels between tin* tiles, as indicated 
in Fig. 21, and finally leave thc furnace at tin* top, carrying off the 
mercury from thc ore in the vaporous condition. 

Thc mercurial vapours pass to thc condensing jilgnt, usually 
consisting of a series of large brick, woodi'ii. or cement chamliers, 
which may have a capacity of 2(),()(K) cu. ft. Whc'n? bricks are 
used they should have smooth surfaces. and*,-.liould be hud very 
carefully so as to prevent absorption of nicicury va]>our or reten- 
tion of “ soot ” at the joints. Redwood is said to ha\(* , roweU a 
Pettier material than brick for the coiiKtrui'tion ol the ct)nden..oi‘s, 
since at tin* temperature in question it ” Hweats ” out ]alch, which 
forms an impermeable layer on the surface.'* Air-cooling is ge ieially 
relied on to keep down the tenqieraturc of the walls, Init in some 
furnaces w'ater- cooling iffinstajk'd. .Sometimes the final coi^ensing 
chamber is of glass. ^ * 

The |>ortj^ of the niercury which ^co^fdenscs to liquid ^uick- 

» W. H. Landers, Erjrj. 3/0.. J. 102 (19ir,), «30. 

* F. L. Ranso*ie, F,*S. ihol. Sur:^ Mtn. lies. (1918), I, 157. 

* M. Junes, Eng. Mm. J. 105 (1918), 110. The funiaco is deacrilsd im 

Calijomia Min. Bur. Bull. 27 (1903), 218. * . 

* C. A. Heb«rlein, Trans, ftwwr. Mijji. ^ng, 51 (1915), 110. 
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silver celleolfc on the floor, the surfti^ of whichelopes down towards 
certain oponingH so that the niereury can bo drawn off ; after 
filtration through canvas, the mercury is ‘hottloff in iron flasks. 
The “soot” collects on tho side fund *ifi periodically feiped off, 
o|>oning8 im the side wall of the condenser being provided to alfojv 
of this operation.* It is removed to a trough, mixed witE. lime or 
alkali, and worked up with hoes— a treatment which causes pa;;/: 
of tho mercury to coalesce to the familiar liquid form. The residue 
which resists this treatment requires redistillation. 

Shaft furnaces are h^ss suited for very fine ores than for coarse 
ores. Tli(^ briquetting of fine ores and concentrates naturally sug* 



Fjo. 21. — Scott Funiaco. 


gests itself, but diflic\dty is ex}H‘rionccd in finding a suitable binder. 
Binders containing volatile hydrocarbons are unsuitable as they 
u interfere with the satisfactory condensatit)!! of the mercury. Re- 
tort funijices have beep uaed to some small extent for distilling 
tho richer “ fines,” but they are very wasteful of mercury. They 
are, however, still employed to some extent for the redistillation 
of tho “ sooty ” residue referred to above ; also for rich concen- 
trates ob^ined by wot processes, well as in tho recovery of 
morcur^roib th^ “ amalgam ” obtamN? in tho extraction of gold 
and ^Iver by “ amalgamation.” The retorts ma 3 V,be tubes of 
iron, 1 ft. in dijimeter, sot in a IbriA furnace. The condensers 
should be cooled by water, otherwise tho loss is aj^t to be high, 
w Europe tho ores are much richer than in America ; in Spain 
the mercury-content often rOaches 7 pof cent. Rayior different 
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types of furfiace aroiused, but liie general principle is^the same as 
in America. In Tuscany,^ th^ coarser ore is stated to be heated 
with charcoal ill simplutank ovens, but for the finer ores a rather 
more olabcirate furnaeo in •nee*R‘d. The (VATinak-Spirek furnace 
(^^ig. 22) hits given good results in Tuscany and *in Spj^in, whilst 
similar ftirnaces have long betm in operati(ui iii Idria ; it works 
m)on the same principle as the Sct>tt furnace, but the shafts, instead 
of being tall and narrow, are low and broad. Ac-ross the furimeo 
pass a series of /y-shajicd “ ridges ” in four to eight rows, one above 
the other ; these ridges fulfil the same rok as th(‘ slojiing tiles in 
the Scott furnace. The ore is charged in at the top and falls on 
to the upper row of ridges, where, resting in the funnel-shaped 
grooves betw een the ridg<‘s, it forms a layer 3 -0 in. t hick. I\i ioili- 
cally ore sli})s through tlye openings on to the row of ridges b(‘low ; 



J 


m 






I 


Fig. 22.— Principle of the C/A'iniak-Spiick Fnrnac(«. 


finally the spent ore falls out into ho.\«‘s below, whence it is usually 
washed away by water. The cliargt^ din ing the descent is lieaUid 
by hot gases, which are introduced at the bottom, and ].ass in 
turn along the diamond-shaiied ehanni'is bKwcim the different 
rows of ridges, finally leafing thii furnaee at the toj) charged with 
mercury vajiour. The gases then jiass into the condensf? , wihw*h 
"usually consist of vertical air-cooled of cast -iron .or stene- 

ware. The former material conducts best, but is apt t < » f;c at teekod 
by the sulphurous gases ; it is sometiiiu's lined with coi -.rote. 
After passing through the pipc-condensor, tli« gases ure^ gee. orally 
taken through a chamlkfr coiKlonscr fiefore being discharggjl. 

Rotary furnaces— similai To tlumo in use at cement works— have 
been used ir^Ataly, aiul^ilso in^the Upit^ States. ^ 

Uses of Mercury. ,In many ways quicksilver is a unique 
substance it fs the heaviest liquid known, and-it expands moro 

ij. Roy^Soc. 6ft 1^0), 705. 
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when heated than any other liqui^i It is thf^only metal which is 
liquid at ordinary temperatures, tj^d is a good solvent for most 
other metals, a property which is used — as we htive seen — in the 
** amalgamation processes ” ofat‘xtta(*ting gold and<-silver, and 
also in thi) electrolytic preparation of alkali. 

The great woi^t of mercury makes it convenient for employ- 
ment in the barometer and in pressure-gauges. The weight of ^ 
column of mercury of a quite manageable length (about 30 in.) 
is sufficient to balance the pressure of th(5 atmosphere, and thus 
to give a measure of the latter. If watiu* were employed in a 
barometer, the tube would require to be 13 J times as high ; the 
height needed would thus be about 34 ft. The high density of 
mercury is also made use of in tlu*, S[)rengel pump, which serves 
to evacuate a vessel by ean*ying out the^air bidween small drops 
of falling mercury. 

The considerable expansion of nuTcury'with changes of tempera- 
ture is the reason for the employment of mercmy in the thermo- 
meter, and in thermostats. Since a given rise of temperature 
causes a greatcT relative expansMii ir. mercury than in any other 
liquid, it is clear that a thermometer tube tilled with mercury 
will b(i more sensitive than a similar o.ne tilled with anotluT liquid. 
It is, of coiuse, well known that glycerine thermometers have either 
larger bulbs or stems with narrower bores than. mercury ther- 
mometei's of equal sensitiveness. The commonly employed scales 
of temperature are defined in such a way that a rise of one degree 
in any part of the scale represents an equal increase of volume of 
mercury. OthiT liiiuids do not necessarily (‘xpand to an equal 
extent in different parts of the “ mercury ” scale ; for instance, 
water expands much more when heated from IH'^C. to 10'" C. than 
wlien heated from 4"^ 0. to 5' ; it actually contracts if heated 
from 3^'C. to 4 ' C.* It happens, however, that the “mercury” 
scale of temperature accords well witlrthe so-called “absolute” 
oiJ‘'«thermo-dynamie ” scale of temperature, which is independent 
of the properties of apy one substance. Thus mercury may be 
regarded as a liquid which— in the strictest sense — “expands 
uniformly witli rise of tompt^rature.” 

Among’the minormses of mercury may be mentioned its employ- 
ment iu^electrical contact-breakers,* keys* and so on. The end of 
an amalgamated wire, ^ if dipped iiw mercury makes an almost 
perf§ct electrical contact with it, without any screwing up of 
terminals. A “ mercury contact carries none of the uncertainty 
that is felt in the case of contacts made by pressing two solid 
♦ metals together, an uncertainty due to the possibility of an oxide- 
film upon the metals therefore mercury contacts are always 



• * • 

. MERCURY 191 

used in “ c(tnductiv\by cells,” in other instances^ where it is 
iipp^rtant to liave a contact o]| negligible resistance. 

Use of Amafgams.* A greaj deal of mercury is used l)y den- 
tists in coiflpounding tlu> ainal^ams em])loyed in stopping teeth. 
Ap fimal^am suitable to this purpose must be plastic wlien freshly 
prepared, but must “ set ” to a hard mass witiim a few hours of 
t)|e time of the ‘‘ filling ” of the tooth. Amalgams of copper, 
palladium and cadmium have all been employed, but of these 
copper amalgam, at least, is no longer used, as it t(‘nds to blacken. 
An amalgam containing both tin and silver is regarded as being 
the best for general j)urpos(‘s.i The alloys of tin and silver con- 
tain the intermetallic compound Ag.,Sn. Wlum the })owdered 
alloy is jnix(‘d with mercury, a mass is obtained which is plastic 
at first, but which sets to a hard mass as the nierimry disj)laces 
tin from combination with the silvtT 

AKjSii I 4Hg =•- Ag,Hg, 4- Sn. 

It has been shown that th(‘ filings of tin-silver alloy used by 
dentists undergo a change \^hcn ^stored, tlu* powt'r of taking up 
mercury being ^ . »nsid(‘rably retarded. This change, which is 
know'll as ” ageing,” is attributed to a polymorjihic transformation 
in the internulallic comjxmnd Ag,,Sn. It does not oc^eiu* in pure 
til' or i)ure silver.- 

Tin amalgam was at om^ time employed largely for coating 
glass in the. manufacture of mirrors, but th(‘ silvering of glass has 
now^ practically displaced the old amalgam juix'css, w'liich involved 
considerable risks of mercury-poisoning to those engaged in it. 

Technically Important Compounds. Of the mercury salts, 
the two chlorides are employed in imxlicine, while mercuric <;hIoride 
(corrosive .s-ubliwate) is also used in surgery as an antiseptic, and 
in the hidcsindustrics for purposes of sterilization. Jt is one of 
the most ellicii nt killers oif antlira.x -spores, whic h an* very liabh^ 
to be pre.sent in hide's and which are a source of con.siderabi ;iai«gtr 
to tanners. Men iirous chloride {cakmul^ if pure is a snfe ijiedicine 
on account of its very low solubility ; a saturakal solution i/f the 
substance contains only •0<K>4 per c(*nt. of mercury ; sc, e- cn if 
an overdose be taken internally, a greater cr»iK;cntrati(?n of the 
poisonous metal is not jH'oduoed, Abnormal cases of poi^ning 
with calomel have usually -been attributed U) ^ho jires^nce of 
soluble mercin^ salt in th^ sample, owiip^ jf) careless prepara%)n. 

Mercuric chloride is pr?panid commercially . from metallic 
mercury thrpuglj the sulphate. By dissolving mercury in excess 

> T. M. Lowry and S. Wilding, J. Soc. Chtm, I^id, 39 (1920), llOr. • 

• J. W. McB^ and W. A.«Ki]Jgi^, Denial C^amos, 57 (lois), C30. 



192 METAl^ METALLIC COMPOUNDS 

of hot concentrated sulphuric ac^ a crystal/ine crult containing 
both mercuric and merciu’oua su|phatesk -mainly the formej — 
obtained ; when these sulphates are dried v-nd liea<:od with sodium 
chloride, the corresponding chlf^idc^s, • which are wjlatile, are 
evolved, ;ind nlay bo condensed by suitable means. Since jt is 
desired to prepare mercuric chloride quite free from calftmel, it* is 
best to mix a little manganese dioxide with the mixture before the 
sublimation is carried out. ^ 

Mercurous chloride (calomel) can also be jirepared from mer- 
cury by first coiuT.rting the metal to the sulphate. If excess of 
mercury is treated with sulphuric acid, the main product* is mer- 
curous sulphate. When this salt is heated with sodium chloride, 
mercurous chloride sublimes. But, in this case, in order to avoid 
the presence of mercuric chloride, a little mercury should be mixed 
with the charge before tUstillation. t\irth(‘rmore, the calomel 
should be washed thoniughly with water before being packed, so 
as to ensure that the poisonous mercuric chloride is completely 
removed. An alternative method of preparing calomel is to heat 
mercuric chlorides with mercury, » 

Another technically important compound is the pigment, ver- 
milion, which is merely mercuric sulphidt^ })repared under such 
conditions as yield the brightest red colour. Mercury and sulphur 
are mix(Ml togetlnu’ in a n^volving (h‘um yielding a dark powder 
consistitig probably of tiny globules of mercury prevented from 
coalescing by a tilni of sulphur. This powder is then heated in 
special earthenware retorts. At about 150'^ C., the ni(?rcury and 
sulphur combine; aful at a rather ingluu* tempcTature, the mer- 
curic Hulpljidf^ b(‘gins to volatilize', a scarlet sublimate being obtained, 
which is aftc'rwards ground, washed, and dried. Very careful 
attention to details is needed in onh'r to obtain the finest vermilion. 

Wet prfwesses can also bo used. If mercury is digested with 
sodium polysulphide at 40 -00'’ C. for some hours, iiuTcuric sulphide 
is f/)rmed, which is at fii-st brown, but finally becomes red. When 
the desired colour is obtained, the ])igment is separated from the 
liquid, which can theu bo boiled with sulphur to regenerate poly- 
sulphides and usc'd to convert a frt'sh quantity of mercury to 
vermilio’ii. In thv wet j)roces8, as iu the dry process, careful 
atte^ioh must be paid to the time, temperature, aud other factors. 

Vermilion is, highly valued,, as ft^pigment ; it possesses a fine 
cojpur, but tends to 'slacken when ox{>osed to lig{it. 

An important use of vermilion— as well as for “the oxide and 
iodide of mercury — is in the m'^^nufactUre of ant^-fouling prepara- 
1J,on8 for ships’ bottoms : this depends on the poisonous action of 
mercury compounds u[H>n tlie forms of Ijfe responsible for “ fouling.” 
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Like those of maiity metals wilieh exist in more than one state 
of oxidation, compoiAids of nvi-ciiry can function as catalysts in 
certain oxidation processes. Fjr instance, in the oxidation of 
naphthalene to phthallic acid, h5^ means of sulphiuK! acid, mercury 
ciyi'be used as an oxygen -carrier ; the conversion of naphthalene 
to phthaflic acid is the fii*st step in the production of artificial 
Vifligo. 

A very large amount of mercury was required during the war for 
the manufacture of the highly unstable “ mercury fulminate,” 
which was used largely as a detonator. In the usual proct^ss of 
manufacture a cooled solution of nuTcuric nitrate containing 
nitric acid is poured into 1)4 per cent, alcohol at 25'’ After 
20 minutes, crystals begin to separate, and the mixture is ])ourcd 
into water. The fine eryfjtalline precipitate of fulminate is washed 
by decantation, sifted through a net to separate large crystals and 
again washed free from acid. Owing to its dangerously explosive 
properties, fubninate is always stored below water, and before it 
is dried for use, it is again waslu'd, and tested for acidity ; it is 
dried at 03'’ C., the temperafure fxing regulat(‘d with great care. 

The peculiar value of fulminate lies in the fact that it decom- 
poses explosively on impact ov when heated. Although not actually 
used as an explosive, a small j)ercussion caj) of fulminate is used 
in f artridges oi> shell. Wlien a rifle is fired, the impact of the 
striker upon the percussion cap causes tluj explosion of the ful- 
minate, which in turn causes tlu^ explosion of th(‘ explosive* proper. 
Coarse fulminate is more sensitive to inipac t (iian /im* powder, 
and hence more dangerous t<i handle 

• 

^ (J, Heaven, Chnn //W .47 (1918), lOr. 
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Atomic 

Normal Electrode 


Weight. 

Potential (Hydrogen Scal«>. 

Gallium . 

. 701 

— 0-5.‘J volts (approx.) 

Indium 

. 114-8 

--0-38 ., 

Thallium . 

. 204 0 

-0-34 „ 


The metals of the group IIIb are all comparatively rare and 
unimportant elements, and a brief description will sullicc. ' They 
are soft metals characterized by low melting-points, but compara- 
tively high boiling-points. They have certain general relation 
to the members of the previous group, but form compounds in 
which the metal is tri valent, and which closely resemble the corre- 
sponding derivatives of aluminkirn. « There is also a tendency to 
form lower salts, which is best developed in thallium, the last 
member of the group. 
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GALLIUM 

Atomic weight . . . 70-1 

The Metal ^ 

Gallium is a bluish-wliito metal, about 6*9 times as heavy as 
water ; when pure, it is soft enough to be cut with a knife. The 
chief physical peculiarity is the unusually low melting-point ; 
gallium fuses when heated above 29-8'^ C., and so great is the 
tendeiu.y to supercooling— that the liquid metal may be cooled 
to ordinary temperatures and pres(U’ved for an indefinit(^ period 
without solidifying. But the liquid is metastable, and, if a nucleus 
of solid gallium be introduccnl into it, the whole crystallizes out. 
Liquid gallium possesses a high siudacf^ tc'iision, only a little lower 
than that of mercury ; consequently gallium sliows the same dis- 
position to gather into spherical globules as do(^s mercury. 

GalliuTU, lik(' water, but unlike many metals, expands on freezing ; 
the density of liquid gallium (0-0947) (‘xe<‘eds that of solid gallium 
(6-9037). The ^oiling-point of gallium is high, far above 

The electrode ])ot(‘ntial of gallium towards a normal solution 
has been shown recently to be —0-25 volts on the absolute scale, 
which is equal to - -0-63 volts on th(^ hydrogen scah^. Hence 
gallium lies slightly on the “ no})fe ” side of zin<“ in th(‘ Potential 
Series. The metal dissolves in liydrocJiloric acid or *111 sodium 
hydroxide with evolution of hydrogc-n. It is stated that solid 
gallium is more readily attack(-d by hydroeliloric acid than the 
liquid metal, a difference which will be easily •understood in view 
of the increased likelihood of the existence of corrosion ouples 
on the solid surface. With cold dilute nitric acid then^ is 
action upon the solid metal, which Im-couk's j'assive. Tin* brndeiicy 
of gallium to become passive is noticcsiblc in other cases. V luyi 
pure gallium is placed in a solution of copper sulphate there is 
practically no deposition of metallic copj)er ; if*tho metal is placed 
in a solution of copper* chloride, the replacement commences 
slowly, but becomes more rapid as^it proceeds, gallium oxidizes 
only superficia}!^ when exposed to the air ; fhe oxide film prodr '^ed 
ifl of a protective character. 

^T. W. Richards and S. Boyer, J. Amer. Chtm. 41 (1919), 133; 
(1921), 274. 

• P. E. Browttiig and H. S. Vhler, ^mcr. Sri, 41 (1916), 353. 
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Laboratory Preparation. GiliKum can 1x3 obtained from its 
salts by electrolysis of an aqueoiw solution' made alkaline with 
caustic potash ^ ; bright globules qf gallium' aj[)pear on the cathode 
and drop off as.they grow larger. * If desired, elcctrolj^sis can be 
conducted* in weakly acid solution, ^ but this is a somewhat less 
suitable condition ; a rather high current density is needed, since 
otherwise the only product at the cathode is hydrogen. If ele%, 
trolysis in a nearly neutral bath is attempted, the deposit of gallium 
is liable to contain basic salts, and will be spongy and incoherent. 
As cathode material for use in the (l(q)osition of gallium, })latinum, 
or iron— metals which only slowly alloy with gallium— should be 
employed. Silver, for instance, is imsuited as a cathode material, 
since it alloys readily with gallium. ^ 

The recovery of gallium from th(‘ residues left in the zinc'retorts 
after distillation is dealt with in coniu'ction with the extraction of 
indium, thallium, and germanium (pag(' i()()). 

Compounds 

The stable salts coiTesjxmd to the oxide Ga/).,, and contain 
trivalent gallium. ^J1iey closely resemble the aluminium com- 
pounds. 'Hie chloride GaCl.i is obtained in the hydrated con- 
dition by dissolving the metal in hydrochloric aci(i or acpia regia. 
The anhydi'ous chloride can be prepared by heating the metal in 
cldoriiK^ ; like so many anhydrous chlorides, it is deliquescent. 
The chloride melts at 75 ' G., and IkuIs at 215 220' G. ; the vapour 
density corresponds to the simple formula GaGl., at high tempera- 
tures, but* just above tlui boiling-})oint tlierc is evidence of the 
existence of Ga^Glc molecules. The volatility of gallium chloride 
gives a convenient method of obtaining it in a state of high purity. 
It may be distilled, first in a current of chlorine, tlien in nitrogen, 
and linally in vacuo. ^ Having obtained the chloride in a state 
ot purity, other pure gallium compounds can b(; made from it. 

From* the chloride tfJie '* hydroxide ” is obtained by precipita- 
tion with ammonia in the presence of ammonium chloride. This 
body is ..a gelatinous precipitate, very similar to aluminium 
hydroxide. It gives the white oxide, GajOs, on ignition, and, 
like ^qminiuni hydroxide, dissolved in iilkalis to form “ gallatos,” 

V. • 

C. Fogg and C. Jam(x?, J. Amer. Chem. Soc. 41 (K)19), 949 ; L. M. 
Dennis and J. A. Bridgman, J. Arhcr. Vhem, Soc. 40 (191S), 1540. 

® Comptire T. tV. Richards and S. ,Boyor, Jj>Aimr. Cliem. Soc. 43 (1921), 
279. • i . 

T. W. Richards, W. M. Craig, and J. Samosliima, J. Amer. Chem. Sor. 
41 (1919), 131. Compare'’Ci. M.*- Dennis tmd J. A. Bridgman, J. Amer, Cht .ii. 
Soc. 40 (1918), 1540. 
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as well as jn acid^,to form galiium salts. Unlike tiro aluminium 
compound, it is faiily soluble|iii excess of ammonia. 

The gallium salts closely resemble those of ahiminiura. The 
soluble salis are colourless cr}<?talline bodies, readily hydrolysing 
in solution. For instance, gallium sulphate, Oa2{SQ4)3, is oh- 
tained b 5 ^ dissolving the hydroxide in dilute sulpnuric acid, but the 
^solution, on boiling, gives a white precipitate of a basic sulphate. 
Gallium sulphate combines with ammonium sulphate to form a true 
gallium alum, Ga2(S04)3.(hrH4)2S04.24H20, isomorphous with 
all the other alums, and crystallizing in cube-octahedra. Like 
aluminium, gallium may be precipitated from its solutions by the 
addition of the carbonate, phosphate and oxalate of ammonium ; 
the insoluble compounds of gallium produced are white preciiiitates 
reseln'oling the analogous compounds of aluminium. Ihit gallium 
differs from aluminium a.nd resembles zinc, in giving a wliite pre- 
cipitate of the sulphide ^vben ammonium sulphide is added, oven 
in the presence of acetic acid ; moreover, it is precipitated by 
potassium ferrocyanide. 

The tendency to form lover s<Jts is exhibited by the formation 
of a dichloride vhen gallium and the trichloridi* are heated to- 
gether. This is a white substance, stabler miough to bo volatilizid 
without apparent d(‘composition ; the vapour densitry corresponds 
to the formula^ GaClo. 


Analytical 

Traces of gallium an* often detected by nu'ans of the spark- 
spectrum, which shows two lines in the violet region* The pre- 
cipitate thrown down when potassium fcrrf»cyanide is added to a 
gallium solution containing liydrochloric acid forms a sensitive 
wet test for the metal, 'i’he gallium is usually precipitati'd as 
hydroxide, and, after ignition, weighed as oxide. 

Details of methods of separation from the associated clenrtffl.s 
must be sought elsewhere. ^ The common inethod of .^enaration 
from zinc depends on the fact that, if a solution (»f the chlorides 
containing hydrochloric acid in excess is made ammoniiical, and 
then boiled to expel ammonia until it once niorc reddens litmus, 
gallium hydroxide remaifts precipitated, whilst the zinc is !ound 
in the solution. The separation from thallium — iifeviously reduced 
bo the lowest^s^tc of oxidation — is somewhat similar. The sepera- 
bion from indium depends on th (5 fact that indiun^ is precipitated 
by excess of bejiling pot’ash, whilst gallium rcms»ins in solution.' 

' Full particulars in Sir W. Crookes’ " Selpct Methods of Chemical AnaTy- • 
w ” (Longmans^ • 
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Most of thdie separation procesj^s* arc incoipplete, S^iul usually 
double precipitation is needed. T|ie separation from alumiiyum 
and chromium depends on the precipitaticgi of gafUium by ferro- 
cyanide in presence of acid ; the ffttration of gallium f^rrocyanide 
presents difficulties unless special precautions are observed.^ The 
separation from cadmium depends on the fact that, und^r correct 
conditions of acidity, nearly all the cadmium is precipitated by 
hydrogen sulphide, but little or no gallium. In this latter cas^* 
how(5ver, each fraction must be treated a second time before the 
separation is even appr{)ximat(‘ly quantitative. 

Various alternative methods have been projiosed. For instance, 
the separaticni of moderate quantities of zinc from gallium in a 
neutral or weakly acid solution can be effected by boiling for a 
few minutes with ammonium bisulphite ^ I’his nvagent ,^^^ipi- 
tates all the gallium as a sulphite which forms a granular j)recipitate, 
and filters much more readily than the g(*latinous hytlroxide ; zinc 
remains in solution. 


Ilistdrical 

Gallium — lik('. scandium and germaniune is of sy)ecial interest 
to the chemical historian - in that the [U’opertie.s of the element 
were foretold before it was ac^tually discovcTcd. 

When the periodic table was worked out in 181^.1-1 871, certain 
places in the tables were left unfilled ; Mend(‘leeff ventured to offer 
an opinion, that these places corresponded to elements which 
actually existed, but which had hitherto not becui discovered. Ho 
even went ,'is far as t(^ predict the pro})erties of the three missing 
metals ; these properties he inferred from those of the known 
elements which fall near the “ gaps ” in the table. In each of the 
three cases, the miicsing metal has since been discovered, and, in 
every instance, IVIendeleeff’s predictiol¥^ have been found to bo 
substantially accurate. Gallium was actually discovered in 1875 
bv Lecoq de Boisbaudrai\ in a French zinc-ore (hence the name 
“^gallium 

' Details given by L. E. Portor and P. E. Browning, J. Amer. Cham, Soc. 
43{192lLlll. ' 

* I*mE. Porter and P. E. Browning, J. Ame^Ghan, Soc, 41 (1919), 1491. 
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IN3DIUM 

Atomic weight . . . 114-8 # 


The Metal 

Indium is a whitish metal, considerably softer and more malleablo 
than gallium ; it is somewhat softer than lead. It is also heavier 
than gallium, and melts at a higher temperature (li)5° C.), although 
still among the more fusible of metals. It is often stated to crystal- 
lize ■" the cubic system, but X-ray analysis shows that the atoms 
are probably arranged 6n a face-centred tetragonal space-lattice, 
although the dimensions of the lattice are such that it comes very 
near to being a face-centred (;ubi(5 lattice.^ 

Indium is distinctly more “ noble ” than gallium, but dissolves 
in dilute acids, evf)lving hydrogen. It is less readily oxidized 
than gallium, and keeps bright when exj)()sed to the air. 

Laboratory Preparation.-^ The metal can be obtained by the 
electrolysis of a solution of*the sulphate containing free sulphuric 
acid, but contanhng also ammonium sulphate which stTves to reduce 
the acidity. The electrolysis can be condiudc'd from a solution of 
an acidity which would prevent almost entirely the deposition of 
the more reactive metal gallium.^ 

• 

Compounds 

Indium forms salts corresponding to and resembling the gallium 
salts ; they are mostly colourless compound^ obtainable by the 
action of the acids on the metal or the oxide. The anliydrous 
chloride, InClg, which, like gallium chloride, is highly deliq nescejit, 
is prepared by the action of chlorine on^the metal. From solutions 
of the chloride, ammonia precipitates the hydroxide,’ a n^hite 
heavy gelatinous mass, which gives the anhydrous oxide, TugGa, 
on ignition. This body is yellow when cold ^d brown ^when hot, 
a property recalling the*oxide of cadmium, the metal which falls 
alongside of indium in the Periodic Table. In^um hyd"*ox*de is 
soluble in acids ; it is ‘Usually describerl* as being insoluble in 

* ’ 

lA. W. Hull, Phys. Rev: 17 (192.’), 587. 

» A. Thief, Zehsch. Anorg. Chem. 40 (1904), 280. 

* Compare T. W. Richards and S. Boyer, J. Am&r, Chein. Sqc, 43 (1921), * 
278. ■ 
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ammonia oi*in caustic alkali, althfugh the hy^oxide, trhen freshly 
precipitated, seemed to be di8solved|reely by concentrated ammopia. ^ 
Intom salt solutions hydrolyse very readily. ‘The sulphate, 
obtained on dissolving the oxidAin sulphuric acid, deposits an 
insoluble white basic salt on heating. Another highly insoluble 
basic salt is the basic sulphite, which is produced when ifn indium 
solution containing sodium bisulphite is boiled. As few other metalg^ 
are precipitated under the same conditions, the basic sulphite 
can be obtained pure, and used as the material for the prepara- 
tion of other indium compounds. The sulphide of indium is a 
yellow precipitate insoluble in dilute acids ; it may therefore bo 
obtained by passing hydrog(‘n sulphide through a weakly acidified 
solution of an indium salt. The other insoluble salts of indium 
are in most cases white bodies, obtained by precipitation,. • ^ 

The power of forming lower chlorides is well developed in indium. 
Besides the trichloride (InCls) described above, obtained by the 
action of chlorine on the metal, two others are known. The 
dichloride, InCl^, is formed when hydrogen chloride is passed 
over hot indium, and the monophlo^ide, InCl, wlien the vapour 
of the dichloride is its(5lf passed over the heated metal. All three 
chlorides arc volatile and in all cases tlu^ vapour densities are 
found, at high temperatures, to correspond to simple formula?, 
InCl, InCla, InCU. 


Analytical 

When indium compounds (moistened, if necessary, with liydi’o- 
chloric acid) are introduced into a flame, the spectrum produced 
consists of A brilliant indigo-blue line and a less intense violet one ; 
the blue colo\ir imparted to the flame is very characteristic. 

Various methods for the separation and estimation of indium 
have been proposed ; one depends on the^formation of the insoluble 
basic sulphite. Upon ignition the basic sulphite gives the oxide, 
in*\fhich form indium can bo weighed. The separation from 
gallium has already been discussed. 

{The precipitation of indium as hydroxide is not wholly satis- 
factory, si/ice indium hydroxide is appreciably soluble in excess 
of ammoj?ia. Indii/m is, however, throjvn down completely as 
hydroxide if dimethylamino is used as precipitant.^ 

4t A, Tliiel and H. Koolsch, Zeiiach. Amrg. Chem. 66 (IftlO), 301. 

* Compare C. ^enz, Ber. 34 (1901^ 2*63. 
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THALLIUM 

Atomic weight . . . 204' () 

The Metal 

Thallium, the remaining metal of Group llln, is a soft, heavy 
metal (specific gravity 11-8) resembling lead in geiu'ral appear- 
ance ; like that metal, thallium leaves a mark when drawn over 
paper. It melts at 302'' C., a temperature cousiderahly higher 
than the melting-point of indium, and a little below that of lead. 
Although the hoiling-])oint is high, tlu* vapour density has f)een 
determiiiiM and corn's j)o. ids to the diatomic moh'cub', Th. 

The normal electrod*' potential of thallium ' in a thallous salt 
solution is about — 0-()2 volt on the calomel scale, which is e(jual 
to — 0*34 volt on the hydrogen scale. This value indicates that 
thallium stands close to cadmium in tlu' })otential s(‘ri('s. As would 
be expected, thallium can evolve hydrogen when ])lae('d in dilute 
sulphuric acid, dissolving to form the soluble sulphati*. Dissolution 
in hydrochloric^ acid, howevt^r, is hinderi'd by the insolubility of 
the chloride formed, which no doubt forms a sc'ini-protective him 
over the surfac/ of the thallium. Thallium dissolves readily in 
nitric acid. Owing to the solubility of the hydroxide, thallium is 
slowly attacked by pure water in the juesence of air, and at 100" 0. 
it even decomposes air-free water with the evolution of hydrogen. 
When thallium is made the anode in an eh'ctrolytic cell containing 
either dilute suljjhurio acid or an alkali, the metal passes into 
solution as monovalent (thallous) ions quite readily, so long as the 
current density does not exceed a certain limiting value, which 
depends on the rate of stirring, as well as on the character of the 
electrolyte. 2 If the E.M.F.* applied to the cell is increased 1 ^‘yoj)d 
this point, partial passivity sets in, although the thallium (^ontjnT 4 ^+> 
to pass into solution to some extent, apparently in a l^igh-r state 
of oxidation. Under strong anodic polarization, oxygen isevoKork 
and often ozone. The passivity obscrvcHl is due to the formation 
of sparingly soluble sulphajo or hydroxide, which can oftem, be seen 
on the anode. The phenomenon of “ pulsation ” (alternate activity 

1 Q. N. Lewis amd C. L. voA Endc, J. Amer. CHem. ^oc. 32 (1910), 732. 
Compare F. J. Cnsloe, Trans. Farc^lay ^oc. 4 (i*908), 102, who gives a ratPer 
similar value (— 0-3 19 volt, on hydrogen scale). T. W. Ri(»liards and C. P. 
Smyth, J. Amer. Chem. iioc. 44 (1922), f*0, give — 0 0192 volt on the calomel * 

scale. • * 

■ W. J. yiaWer y Zeitsch. Phys. Chem. 69 (1909).* 460; E. P. Schoch a^d 
C. P. Randolph, */. Phys. 14 (1910), 723, eriticizo Muller’s views. 
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and passivify) is often met with jipon a polajized thulium anode. 

Thallium is generally stated p bo fairly resistant to\jfard8 
atmospheric corrosion ; the bright lustre ^f the fl*eshly-cut metal 
is rapidly lost, owing to the formation of the grey or gi^enish-black 
oxide lay(jr, but? it is generally stated that this action is confine/i to 
the surface. Rctcnt work/ however, appears to show* that the 
dendritic form of thallium can be converted entirely to oxide by the 
combined action of air and moisture ; the oxidation therefore is 
not confined entirely to the surface. 

Laboratory Preparation. Starting from the sulphate, which is 
the salt of thallium that is most easily obtained in a state of purity, 
metallic thallium can be thrown down as a tree by the action of 
zinc. It should be washed quickly without undue exposure to the 
air, otherwise it will be largely washed awiwy as the soluble l>/tifSide. 
Alternatively, the metal may be obtained by the. ehictrolysis of a 
solution of thallium sulphate containing free acid. 

Compounds 

In the case of gallium and indHim, ffhi^ majority of the compounds 
were thos(^ in which the metal was trivalent ; lower chlorides 
certainly existed, but there wore no oUier stable salts corresponding 
to them. Thallium, however, has a complete serii's of lower or 
“ thallous ” salts, which are more stable tlian th('v lygher “ thallic ” 
compounds. The relationship of gallium, indium and thallium is 
thus a repetition of that existing between members of the previous 
group, where monovalent salts, absent in zinc, and unstable in 
cadmium, were seen to bo welf developed in the case of the last 
member, fncrcury. 

The thallic comjwunds, in w^hich the metal is trivalent, arc 
analogous, and on the whole similar, to the salts of indium, gallium, 
and alluminiimi ; they have certain points of resemblance to the 
salts of lead and mercury, metals wfiich fall on either side of 
ttufllium in the periodic table. On the other hand, th(^ thallous 
compounds may be corapxrcd to the corresponding compounds of 
various monovalent metals ; they are in some respects akin to 
the mercurous compounds, but are more allied to the compounds 
of silver^ and have much in common even with the derivatives of 
themlkali metals. * 

\ « 

A. Compounds of Monovalent Thallium (Thallous Com- 
pounds). ‘ • 

The thallous, compounds may •be regarded as benig derived from 
tkallous oxide (TlgO), a grey body which is formed* superficially 
1 A. KOUikoV, Chem. Zeit, 43 (1919), 2^1, 
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upon thalliurft metal exposure the air. The <Jxide !s, however, 
more, easily produced* by heatiijg the hydroxide. 

Thallous hydroxide, TIOH, ^unlike the hydroxides of nearly 
all the othi\ heavy metals, is ’a readily soluble body, and the 
sobioion has a distinctly alkaline reaction to turinoric pn^j^er. For 
this reason it cannot conveniently be prepared by })recipitation of 
a*thallous .salt solution with alkaline hydroxides ; but by acting 
on thallous sulphate with barium hydroxide, a precipitate of 
insoluble barium sulphate is i)ro(luced, and thallous hydroxide is 
obtained on evaporating tlie filtrate. It crystallizes in yellow 
needles, having the comj)osition TlOH.HoO. It is also prodm^cnl 
when water acts on the metal in the prc.sence of air. Tlu) solubility 
of th^hydroxide constit\ites a link between thallium and the alkali 
rictals. ^ 

The soluble salts (^f thallium are white crystalline solids obtained 
by dissolving tlu^ metal orbits hydroxide in the corresponding acid. 
The sulphate, Tl.jS()4, bhe the sulphates of silvcT aiul mono- 
valent mercury, only moderatedy soluble in water. The chloride, 
bromide and iodide are afl, lik^ th(‘ corresponding silver and 
mercurous bodies, curdy precipitates, obtained by the action of 
the sodium salts on thalhgis sulphate. The chloridi^ is white, 
daikening in the light,' the bromide ])al(^ yellow, and the iodide a 
decjxT yellow, go the analogy between thallium anrl silver is very 
close. Thallous chloride volatilizes at a high tcajiperaturo, the 
vapour density corresponding to the huanula TICK 

The carbonate, Tl^CO;,, unlike that of other heavy metals, 
is soluble, and gives an alkaline rt'axdion ; in this re.spect, again, 
thallium resembles the alkali metals. On the other* hand the 
normal phosphate, TI3PO4, is insoluble, and is producM'd as a white 
precipitate on mixing a thalloiLs solution with potassium j)hos])hato ; 
the acid phosphates, however, are solubU^ * 

The sulphide, like silvef sulphide, is a black precipilatf' but it 
can only be thrown down in neutral and alkaline solutioiis, af ft 
is decomposed by dilute acids ; it is prRpar>c‘d by the addition of 
ammonium sulphide to a solution of a thallous salt. , 

B. Compounds of Triv^ent Thallium (Thafllic GomTV)unds). 

The thallic compounds may be ^-egarded as ^rived from the 
black oxide, T^jOa, whiclf can be formed Ily the action of oxygpn 
on molten thallium. The oxiflo i§ also produced as^a dark deposit 
when a thallium rod is hiade tl^ anode to a solution of dilute* 

* The conditions of darkening have been studied by C. Renz, Ilelv. GhBn, ’ 
AOa, 2 ( 1919 ), W; 4 ( 1921 ), 960 . ^ 
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sulphuric acid, in this respect 4 hc anodic l^ehavioift of thallium 
resembles that of load. f ^ • 

The “ hydroxide ” is obtained^as usualy by the‘action of sodium 
hydroxide? on the (?hloride. It cah bo prepared conve/iiently from 
thallouH f^ulphale by the oxidizing action of potassium ferricyanido 
in an alkaline solution ; when dried in vacuo it loses 'its water, 
and the anhydrous TI2O3 is obtained. ^ It is noteworthy that % 
oxygen content of the product obtained by means of potassium 
ferricyanido is always slightly below the theoretical value. 

The chloride, TlCla, referred to above in the preparation of the 
hydroxide, is best prei)ared by the action of chlorine on thallous 
chloride in the presence of water. It forms colourless deliquescent 
crystals. The sulphate, T 1 2(804)3, is formed in solution by the 
dissolution of the hydroxide in sulphurip acid ; but it iw^?Iffficult 
to isolate in th(? solid state since the solution readily hydrolyses, 
precipitating basic salts.*- It can be f>repared in solution from 
thallous sulphate (which is conveniently obtained in a state of 
purity) by electrolytic oxidation in a divided cell, a platinum anode 
being employed. The thallous# suljiiiate solution should contain 
free sulphuric acid, since otherwise thallic hydi’oxide separates at 
the anode. * 

0. Intermediate Compounds. 

Many chlorides, intermediate in composition between the 
thallous and thallic bodies, have been described. One of these, 
which is formed by the direct action of chlorine on the metal, has 
a composition expressed most simply by the formula TljCls. It is 
usually rcf resented TIOI3.3TICI, but may conceivably be a complex 
salt such as Tl3[TlCl a]» containing thallium in both cation and anion. 
Other intermediate chlorides have been described, but these are 
probably solid solutrions.*^ There appears in faet to be a continuous 
series of mixed crystals, varying betwc(?n TlCla.^TlCl (where a:<[ 3 ) 
iWAk TICI3.3TICI ; the salt referred to above is thus the end-member 
of the series. These qiixc^i crystals, which can be expressed by the 
general fofmula TlCla.wTlCl, have a yellow colour. 

An oxide TIO, has been described ; it is an intermediate 
product lin the oxidation of thallous oxide to thallic oxide by 
hydeogon peroxide. The oxide is unstalfte and can only be isolated 

under Special co^ulitions. Whon a concentrated thallous sulphate 
• • • • 

^A. J. Berry, private confiuunication, # • 

> For details s«e R. J. Moyer and E. Goldschmidt, Ber. 36 (1903), 239. 

• ® Q. Grube and A. Hennann, ZeU^. Elektrochem. 26 (1920), 292. 

* R. J. Meyer, Zeitach. Anorg, Chem. 24 (1900), 330, 350.* Compare V. 
Tliomas, Camples Rend, (1901), 1487. 

® 0. Itabe, Zetlsch. Anorv. Cnem. 5§ (1908), 23. 
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solution, macfe strongjy alkaline with a great exc^s of fo per cent, 
potash, is filtered anef treated \^ith 3 per cent, hydrogen peroxide 
at a low temperature ( •- 15° C.) a red silky precipitate is formed, 
which changes at once to a bhie^black shimmering body ; this can 
be^ filtered off, washed with cooled alcohol and e^lier, and dried 
in iHiciio. *On treatment with water, it gives brotvn iliallici oxide, 
f^( 5 ther with tliallous liydroxide, which passes irito solution. 

Analytical 

Thallium compounds impart a gixHUi colour to a Bunsen flame ; 
like indium, thallium has a simple flame speedrum, eoiiHisting of 
a single green line. 

V^arious mc'thods have beem ju'oposed for s(‘parating thallium 
front* metals. On the addition of potassium iodide to a 
solution containing th(‘ metal previously reduced to tlu^ tliallous 
condition, the whoU* of th(| thallium is jireeijiitated as tlu‘ insoluble 
iodide, while most other metals are left in solution. Lead, silver 
and mercury, liowev(‘r, which would also giv(' insoluble iodid(‘s 
under these conditions, must, if present, Ix^ s(‘])ai*ated befondiand 
by saturating the acidified solution with hydrogen sulphide. 
Tliallous iodide should be washed first with diluti^ potassium iodide 
solution and then with alcoh()l ; it may conveniently b(‘ collected on 
weighed filter paper, di’ied in vacuo over suljihuric a(;id, and weighed 
on the filter.^ * 

Another method of estimating thallium is to jirecipitate it 
cleetrolytically as thallic oxide on the anode - from a sulphuric 
acid solution (iontaining aceton(‘. , A roughened jdatinum dish is 
used as anode, and the electrolysis is conducted at i^out 5.’) (y. 
Deposition requires 7 10 hours, after which the dcqiosit is washed 
with water, alcohol, and finally with (‘ther ; it is (h’ied at UK) C., 
and weighed as TI 2 O 3 . The acetoiK* used in tin; bath has a favour- 
able effect on the charaet^T of the anodic deposit, rendering it 
adherent. By this method thallium could [irobably be scj. ir^t^d 
from all metals except lead, manganese, and possibly silver, but 
details on this point appear to be lacking. r 

Terrestrial Occurrence of Gallium, Indium, Thallium and 
Germanium * 

• 

The goo-chemistry of gallium, indium and thallium is so iifuch 
interwoven that^it can l>e^ 8 CUHHC(I in a si;^lo siJetion. Ihe geo- 
chemistry of germanium — thi^^ar^jst elenlent of Group IVb — wfcich 
is often found along witb gallium will also be considered at the^ 
same time. • - . * 

^ A. J. Berry, Trans. Ciwm. Soc. 1^1 (1022), 394. 

* M. E. ileiborg, Zetlsdh. Aiwjfg. Cfiem. 35^(1903), 347. 
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The qua ntity oi these four elements in the original molten magma 
must have been extraordinarily /'nail. In 'very few places*have 
the natural processes of differentiation, such as have led to the 
formation of the ores of commoner hietals, brought the /mcentration 
high enoiigh to allow the formation of minerals in which theso^r^re 
metals are major constituents. Such minerals as 

Argyrodlto 4Ag2S.GeS2 

Crookosite (Cu,Tl,Ag) 2 So 

and Lorandite TlAsSj 

are so rare that their existence need scarcely bo considered. On 
the other hand, all four metals occur commonly as minor consti- 
tuents in certain sulphide ores, notably zinc blende. Evidently 
those conditions which are favourable to the natural concentration 
of zinc, arc also favourable to the concentration of galliui'^Tnulium, 
thallium, and germanium. Many zinc ores contain gallium and 
indium, notably those of Ereiburg (^Saxony) and Oklahoma. 
Germanium occurs in both districts, the mineral argyrodite, already 
mentioned, being found in one of the Ereiburg mines. Some zinc- 
ores also contain thallium.^ Another mineral containing these 
rare metals in traces is iron pyrites, some samples t)f which 
constitutci a convenient source of thallium. As is quite to be 
expect(Kl, many iron-ores of a secondary charaetta*, nhich presum- 
ably owe their iron to ])rimary ores rieli in ttu^ mentals under 
consideration, (!onta in an appreciable quantity of the same metals; 
some of the (Hcveland iron-ores, for instance, (‘ontain an appreciable 
amount (jf gallium.- Traces of the same elements are found in 
many other minerals, such as baVixite, and certain manganese ores.'"’ 
Thallium L found in some mineral springs ; germanium occurs 
in the waters of Vichy.'* Einally apprecia])le qmintities of 
germanium are often present in the mineral euxenite,'^ and other 
minerals containing niobium, tantalum, and the rare earths. 

I 

Extraction of Gallium, Indium, Thallium, and Germanium 
Few uses have been found for the four metals, and there cannot 
bo said 1X) be any organized metallurgical industry. Small 
quantities — such as are demanded from time to time for special 
purposes,' or for research w'ork — can bo made from any industrial 
material 'which happens to be rich in the metal to be prepared. 
Many ihdustrial nroducts — made from ores contmning the metals 
ui^r consideration — cont^ain noteworthy quantities of the elements. 

^ W. N. Hartley and H. Ramage, Trans. Chem. Soc. 71 (1897), 540. 

*W. N. Hartley and H. Ramage, ‘Proc. Ro^. Soc. 60 (1897), 35, 393. 

• W. N. Hartley and H. Ramage, Trans, Chem. Soc, 71 (18^)7), 633, 647. 

Bardet, Cotnptes Rend. 158 (1914), 1278. 

“ a. Kruss, Ber. 21 (1888), m. 
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For instance* many# samples of*Middlesborouglf pig-iron contain 
appreciable quantities of gallium ; Freiburg zinc may contain 
indium in quantities ujrto 0-1 ji^r cent. When pyrites containing 
thallium is%/urnt to give sulphur dioxide at the sulphuric acid 
wgrks, the thallium, which is appreciably volatile atlho tejiiperature 
of the pyrites burners, is found in the flue dust. 

,#The gallium used in recent research work in America has been 
obtained from the residues left in the retort wheti certain American 
zinc-ores — apparently obtained from the Joplin district - are 
distilled for zinc. Naturally, the non-volatile metals— of which 
lead is the (fliief— remain behind in the retort, and, since the ores 
used contain a noteworthy (piantity of gallium and g(‘rmanium, 
the^ leady residues ” form a convenient source of th(‘se metals A 
Sometmt^ globules, consisting of an alloy of gallium and indium, 
are actually found in the residues, and can be ])ick(‘d out and worked 
up to give pure gallium, ft is stated that prolonged heating of this 
alloy invacno at about 1,800^ C. is sufficient to drive off piactically 
all the indium, whilst leaving the less volatile gallium in a state of 
moderate purity.- A silica iJblb l^ated in an oxygen illuminating 
gas flame can be used for the separation of th(> metals by 
volatilization. • 

A more general method^ of obtaining gallium and germanium 
from retort-rcsulues is to roast th(‘ residues, and then to dissolve 
the crude zinc oxide obtained in hydrochloric acid ; potassium 
chlorate is added and the licpiid is distilled. Germanium, which 
has a volatile chloride, comes ov(t with the? jhu Iioh of the distillate 
boiling between 121° and J40°t\*and (*an be obtained from this 
portion of the distillate by precipitation with hydrogen sulphide. 
From the white precipitate of germanium suljfliide, other germanium 
compounds — or the metal — c‘an be pre])ared (s€p “ (lermanium ”). 

The liquid left in the flask contains zinc, leafi, iron, aluminium, 
copper, tin, cadmium, and gallium. Men- dilution with cold water 
serves to precipitate much of the lead, as the sjinringly sohfMe 
chloride. The liquid is rendered nearly ucutral with am'>'f'nia 
(which is added until a precipitate In^gins to arrive). Ihl^n metallic 
zinc is added, and the liquid is boiled for several hours, and filtered ; 
the precipitate consists both of metids and basic»salta, ana contains 
most of the gallium. Tliis is rediasolved in acid, treated '.Tith 
hydrogen sulphide to remove cop;pcr, lead, tir> and cadmium, 
rendered noauly neutral wim ammonia arxl again boiled with zir.5 ; 
the precipitate obtained on difution consists of various hydroxides, 

» W. F. Hillfebrand and 9. A. Scherrer, J. Ind. Eng. CUm. 8 (1916), 226. 

* P: E. Browning and H. S. Uhler, Amcr. J, 41 (1916), 351. 

* H. C. Fogg aaid C. James, J. Amer. Che'fh. Soc. 41 (1919), 947. 
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including gallium hydroxide. IJhis is agai]j dissolved in acid, 
and a further quantity of cadmium jp renioved'by hydrogen sulj^ide. 
After this the gallium is precipjjated as^ hydro^cide, by adding 
ammonium chloride and ammonid, and boiling until/tho solution 
becomes faintly acid ; the hydroxide is again dissolved in acid, 
and gallium is oi'icc more precipitated from a weakly acM solution 
by sodium formate ; then follows further purification by means ^ 
hydrog(^n sulphides to remove final traces of (joppor and cadmium, 
and gallium and aluminium are again thrown dowti as hydroxides. 
The mixed hydroxides are dissolved in soda, and th(i solution is 
electrolysed to give globules of gallium. 

Owing to the very small amount of galliuni in the original residues, 
it is iK^cessary to start with largo amounts of material, and the 
completeness of He[)aration should be cheels(^d at each stag<>^Ty means 
of the spectroscope. Details of the process, which is naturally 
laborious, should bo sought in the original paper. 

Indium can also be pnqiarcd from the residues obtained in the 
zinc retorts. 'Iho separation from gallium can bo effected in various 
ways, ^rhe methods founded «n tli3 i)recipitatiou -of indium as 
hydroxide are rather unsatisfactory owing to the incomplete 
character of the separation. The fact Uiat indium can be deposited 
eUndrolytically from solutions too acid for the deposition of gallium 
might b(^ used, 'fhe fractional crystallization of the two alums 
ap])ears to give satisfacitory r(‘sults.^ 

Thallium is usually (‘xtracted from a thallium-rich flue-dust, 
obtained from a sulphuric a(nd works using a variety of pyrites 
containing thallium. Jt can largely bo extracted by boiling water, 
and precipitated as chloride by adding .sodium chloride to the extract. 
The precipitatt^ is washed, and reconverted to thallium sulphate 
by heating with sulphuric acid. The solution of impure thallium 
sulphate is freed from various metallic impurities by treatment 
first with hydrogen sulphide, and then with ammonia. Afterwards, 
by .electrolysis of the purified solution containing free aiad thallium 
may be obtained in the metallic condition on the cathode ; the free 
acid servefcf to prevent the formation of aii oxide deposit on the 
anode.® 

Thalliilm has bepii used in optical glass, to which it imparts an 
oxc.»^ptiohally high refractive index. ®Tho fiuc-dust from the 
pyrites' burners qt sulphuric acid works, and similar waste material, 
pi;t;>vide a source for the c,omparativcly hmall quantities of thallium 
compounds required. ' ‘ 

( ii ' 

’ P. E. Browning and L. E. Porter, J, An^r.SJhem. Soc. f3 (1921), 126. 

F. Foorster, Zeitsch. Clietn. 15 (1S97), 71. 

“ E. iJaiim, Discovery, I (1920), 14^, » t 
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Atomic 

Normal Electrode 


Weight. 

Potential. 

Carbon 

12(K)5 


Silicon 

28*3 


fhrmanium 

72-5 


Tin * 

llS-7 

—0146 volt 

Ixiad . 

207-20 

-0132 „ 


Thu first two elements of (Iroup IV^B, ear))on and silicon, are 
usually regarded as non-nu^tals ; g(‘rmaniuin also possesses certain 
non-metallie ])rop'Tties. The two* higher members of th(5 group, 
tin and lead, are soft, readily fusible, metals, somewhat recalling 
the metals of Croup IIIb. 

f\rbon and silicon have an almost invariable tetravalent 
charantor. Ccrpianium, although normally tetravalent, has also 
compounds in wliich the metal is divalent. In tin, the salts of tlu^ 
divalent element are as stable as those in which the full valoiK^y 
of four is exerted, whilst in lead, the lower salts are by far the most 
stable. The eonijamnds of tetravalcait germanium, tin and lead, 
recall in many ways the tetravalent elenu'.nts of Crouft^lVA ; W(^ 
find once more volatile tetrachlorides, w hilst the oxide corresponding 
to the same state of oxidation has acidict rather than basic; pro- 
perties ; the germinates, stannates and plumliutes may be regarded 
as analogous in some respects to th(» titanates and zireoi’ 'tes. 

The Appearance of Non -metallic^ Properties. The must 
interesting feature of Group IVb is the appearance of 'i( 4 ji-ific<allic 
properties. All the elements so far considered tend" acco- ding 
to modern ideas— to lose eleclron^, when they enter into coeibinaf ion. 
The charged sodium atoct, which exists in a crystal (d sodiym 
chloride and (in a more mobile form, the sodium “ion”) in an 
aqueous solutioivof the same salt, is supposed to oe a sodium atom 
deprived of one electron. Am idready explained in the introduction 
(Vol. I), the sodium atom hiis one more electron than the inert gas * 
neon, and th6 loss of thiif one “ valency electron ” must be supposed 
to leave the outer shell of the sodium atem shnilar to that of a neon 

M.C.— VOL. 1^. * 2 ^ 
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atom ; thus, tho- remarkable stability of thejchargecf sodium atom 
is accounted for.^ Tho electron feist by the' sodium is gained by a 
chlorine atom. Chlorine lies on j{.he extreme rigKt of the periodic 
table, and has, one electron less tnan tho inert gas ^rgon.” By 
the absorption of this one extra electron, the chlorine atom cornea to 
assume a stable character comparable to that of an ini5rt gas. 

According to this notion, fwn-metaUic I'^ropertks (i.e. the power Jo 
absorb electrons) will be confined to those elements which precede 
the inert gases, that is to elements on the right-hand side of the 
Periodic Table, as arranged in this book. This is actually the case. 
Group IVb is the first group in which marked non-metallic properties 
occur. Carbon and silicon, the two lowest elements, are invariably 
regarded as non-metals, although one form of carbon lias tho lustre 
and tho type of eh'ctrical conductivity/ associated wiiii metals. 
Tho remaining three elements may indeed be looked upon as metals, 
but they form a few compounds in wlKch they undoubtedly play 
the part of a non-metal. Thus germanium forms a gaseous hydride, 
GeH 4 , analogous to those formed by carbon (('H,) and silicon 
(SiH 4 ). There is evidence that similar gaseous hydrides can exist 
in the case of tin and lead. 

Tlieso gaseous hydrides mu.st be di^jtinguislied from any hydrides 
which we have yet considered, with the jiossible execfition of boron 
hydride.- The hydi’ides of the different elements can be assigned 
to three classes : — 

(1) Solid hydrides formed iiy elements on th(' /c/Z-hand side of 
tho Periodic Table. Here tlie hydrogen functions as a non-metal,*'’ 
and the element e.xerts its ehara>c*teristic positive valency. Examples 
are lithiufA liyih'ide (LiH), potassium hydride (KH), and calcium 
hydride (CaHa). 

(2) Solid hydrogen -alloys, ])osHt‘ssing tin* physical characters 

of a metal, formcU by metals of the centre of the Periodic Table,- 
like palladium, iron, nickel, and platiiium. 'J’hese may be rt‘garded 
as true alloys, both hydrogen and the element in question acting 
as nuitals. o • 

, (3) Gaseous hydrides, formed by elements on the right-hmd 
side of tho Periodic Table. Here hydi’ogen acts as the metal, and 
the element as a iton-metal ; tho element exerts its negative valency, 

1 Ccxniparo 1. Langmuir, J. Amer. Chem. Soc. 41 (1919), 808, 1543. 

• Compare F. Skiueth, ilrr. 63X1920), 1710. 

* Seo also W. Nemst, Zr Ekktrochem!^'2b (1920), 3S3. An X-ray study 

of lithium hydride by J. M, Bijvocl am’ A. Karssen, Froc‘ Amst. Acad. 25 
(1922), 26, apilears to show a structure anajogous to sodium chloride, the 
hydrogen taking tho place of chlorine. D. C. Banlwell, J. Amer. Chem. Soc>. 
^4 (1922), 2499, has shouii that on the ©lectrofysiB of a solution of calcium 
hydride in a fused mixture of, lithium and potassium chlorides, hydi\>gen is 
hberatod at tho anode, not tho catkpde. ^ 
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which is dottrmined*by the distance of the elenietiLt froAi the inert- 
gas group. Examples are giveij in tabular form below. It should 
be noticed thaf the stability of these hydrides increases, as wo 
approach tlm inert gas group, but that — in a given group- it 
decreases as^the atomic weight rises; the Iiydiides placed in 
brackets are extremely unstable. 


Group IVb 

Vb 

ViB 

VIlB 

CH, 

NH, 

OH. 

FH 

SiH, 

PH, 

SH., 

CIH 

GeH4 

AsH, 

Sell.. 

Bril 

(SnH4) 

SbH, 

Tell. 

HI 

(PbH^) 

(BiH,) 

{PoHJ 

— 

Such a ■view of the 

gaseous 

hydrides, which 

is largely due to 


Paneth, would couHnc' the formation of these hydrides to elements 
which immediately precede th(i inert gases in the ord(*r of atomic 
tiiimbers. From time to time, different (^xi)erinK'nt(‘rs ha\ t‘ asserted 
bhat certain iiKunbers of Clrouj) IVa, namely titanium,^ tluauum,- 
a,nd possibly zirfonium,'* form h^'drides similar to those of the 
members of Group IVb. Jf iiplield, this contention would prove 
difficult to reconcile with laneth's theory, but the most recent 
Work^ appc'ars to indicate that th(5 hydrides of titanium, zirconium, 
ind thorium dv not exist. 

On account of their non-metallie eharack'r, earl)on and silicon 
ire not discussed in this work, and we shall j)roc(‘(‘d at once to tln‘ 
3 onsid(‘ratioii of germanium. ^ 

* A, KljuibtT, Zeitsch. A\umj. ('hem. 117 (1021), 243; Billy, Ann, 
lUm. 16 (1021), 18. 

* A. Klauber and J. M v’on MclIoiili<*ini, Zatidi. Anonj. ('/nm. 113 (1020), 
100 . 

a C. Winkler, lU r. 23 (1890), 2005. 

* K. Schvvur/. and 10. Konrad lUr. 54 (1021). 2122 , F, Paia lli, Ai. Mattlnos, 
ind E. Sohniidt-llcbhol, Her. 55 (1022), 7HK mrlndin^ fool noU* 
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germAnium ' 

Atwmic weight . . . 72*5 , 

The Metal 

Germanhira is a white element having a metallic lustre ; unlike 
the metals of previous groups, it is distinctly brittle ; the crystalline 
character of cast germanium is well displayed when it is broken. 
The arrangement of the atoms in crystalline germanium is found 
by the X-ray method to be the same as in tlie diamond, and irugrey 
tin.^ The melting-point of pure germanium is 958° but it is 
considerably depressed if the germaniuyi contains dissolved oxide. 
Pure germanium is only slightly volatile even at 1,350° C. ; the 
“ a])parent volatility ” observed by some investigators just above 
the melting-point is probably^due ^to the expulsion of dissolved 
oxide.- 

Tlui (‘lectrode potential is uncertain, but since germanium is 
precipitated from its salts by metalHc zinc, it must be distinctly 
more noble than that metal. It behaves in fact as a comparatively 
noble material towards acids. It is insoluble in hydrochloric acid, 
but dissolves in warm concentrated sulphuric acid, forming a white 
sulphate, and evolving sulphur dioxide. Germanium is readily 
convei'tcd to its dioxide by thc^oxidizing action of jiitric acid ; the 
dioxide produced, owing to its feebly basic character, does not 
dissolve in the excess of acid to form a nitrate, but remains as a 
dense white precipitate. The same oxide is formed b/heating the 
linely-divided rnettil in air, but compact germanium is only oxidized 
superficially when heated, and appears^to be unaffected by exposure 
Vv the atmosphere at the ordinary temperature. 

Laljoratory Preparation. Germanium may be obtained from 
its oxide % reduction with carbon.^ The oxide is preferably made 
into little pellets by means of starch (10-15 per cent.) ; these pellets 
are dridd and hejitcd in a porcelain crucible contained in a largo 
closed crucible, the space between the •two being filled with wood- 
chorcbal. A bright red heat js applied for an hour. After cooling 
& grey powder is foufid, yhich may l)e%'emelted b«low borax to give . 
a button of germanium. • • 

c • 

^N. *H. Kolkmeijer, Proc. Amst. Ac^. 25 (1922)i 125. 

« W. Biltz, ilnotv. CAetn. 72 (1911), 316. , 

a C. Winkler, J. PrakU Chem. ^4 (1886), 177. 
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A more raodern meMiod of propftring tho inotal il to boat tlio oxide 
in a Current of ];^ydrogen in an •lectric furnace, the product being 
fused under a covering ‘of sodian sulphate.^ 


Compounds 

'*Liko silicon, germanium forms stable, conipounds in whicli the 
element is tetravalent. A lower series of derivatives, contaiiyng 
divalent germanium, are also known. 

A. Compounds of Tetravalent Germanium (Germanic 
Compounds). 

Germajiic oxide, (leO^, is fornuMl, as has been remarked above, 
when the element is oxidized either by heating in air, nr hy the 
action of warm nitric aci<l. It is also formed on tho hydrolysis of 
gcrmanic chloride in wat(‘r. It is slightly solubk^ in watcT (1 per 
cent, at 100^ C.) and the s(»lution has a sour taste. Germanic oxide 
appears to have both acidic and*basi(^ j)roj)(Tties, but both are 
very developed. It is dissolved by sodium hydroxide, no 

doubt forming a “ sodium germanate ” ; no alkali-metal germanate 
ap}>ears to have been isolated in the purt' state, although the 
insoluble magnesium germanate, Mg 2 Ge 04 , lias been obtained by 
precipitation. 2 When the oxide is boiled with aqueous acids, it 
dissolves in part, and the solution no doubt contains germanium 
salts ; but any attempt to obtain these salts by evaporation of the 
solution results in hydrolysis, a hydrated form of giTiuanic oxide 
being obtained. 

Germanic chloride, GeCl 4 , is, however, present in the vapours 
given off when the solution of germanium dioxide in hydrochloric 
acid is boiled. It is prepared more easily by p<^ssing chlo^'ine over 
the metal. Like so many^'totrachlorides, it is a volatile liquid; 
tho boiling-point is 80° C., but vapour is given off freely at 
ordinary temperature. This vapour react* with the moisture present 
in ordinary air, hydrolysing to form the solid dioxide ; thu^ germanig 
chloride, in common with the; other liquid chlorides, gives off uenso 
w^hite fumes when exposed to damp air. Whenn gcrmanic chloride 
is added to water, it reacts with much evolution of heat, formthg 
hydrochloric acid and gcrmanic oxMe ; the reaction of gcrmanic 
chloride with., water is accompanied by* a curious “ crackling:!’ 
sound.^ 

• a 

1 C. C. Bidwell, Phys. Bev. 19 (1922), 447. 

* J,*H. Muller, J. Amcr. Chern, Soc. 44 (1Q22), i493. 

• L. M. Denuis^nd F. E. Hetfice, J^Amer. ^hern. 6'oc. 44 (1922), 306* 
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On account of its volatility, geAianium chi- -ride can be obtained 

in a pure state by distillation, and ft therefore a convenient staSrting 
material for the preparation of oiijier gernlanium compounds^ 

Germaniun\ fluoride is obtained in solution by dissolution 
of germ annum dipxide in hydrofluoric acid ; it forms well-deflni^d 
complex salts with the fluorides of the alkali metals. For instance, 
by the addition of potassium fluoride to the solution, and evaporj^ 
tion, hexagonal crystals of potassium germani -fluoride, KgGeFo, 
are obtained ; this body is comparable to the complex fluorides 
formed by silicon (KaSiFo), and also by the tctravalent elements of 
Group IVa, titanium (KoTiFe), and zirconium (KaZrFg). 

Germanic sulphide, GeSa, is obtained on precipitating a solution 
of g(^rmanie oxide in excess of a(nd with hydrogen sulphide ; it is a 
whiter insoluble substance, and, unlike most of the otbersulphides 
which have been descrilu'd hitbei'to, is sf)lul)lo in ammonium 
sulphide. Tlie solution obtained (^ontams a germani-sulphide (or 
thio-germanate), probably (NH4)2S.Ge8o or (NH4)2[GeS3l, in which 
germanium <‘xists in the anion. Several other metals of groups 
IVn and Vb form analogous cofnple^ sulphides wliieli are soluble. 

Germanic hydride, GeH4, is formed when hydrogen is being 
generated in a solution containing •germanium. For instance, 
when zinc or magnesium is placed in an acicbfied solution con- 
taining germanium the gas ])roduced always cfjntains a little 
germanium hydride.^ If the gas is biu-ned, the germanium is 
liberated and may bo deposited as a mirror on a cold porcelain 
dish held over the flame ; the presence of germanium in the flame 
gives a bluish-red coloin. Alterhatively, if the hydrogen containing 
germaniuuf ifydride is passed through a heated glass tube, a shining 
mirror of germanium is deposit(‘d at the heated portion of the tube, 
due to the decom]iosition of the liydrido. We shall discuss the 
])roperties of gaseous metallic hydrides finthcr, when wo come to 
consider arscniic hydride. 

•fn forming a gaseous hydride and a liquid chloride, germanium 
shows n considerable resefnblance to carbon, the non-metal which 
stands at the head of Group IVb. Various compounds of germanium 
are kno^yn, which are analogous in composition to the “ organic 
compouvds of cafbon. Those peculiar substances are of more 
interesji to the organic chemist than to the student of metals ; they 
include the Bo-ca»ed “.germaifium chloroform, ’’^GcHCL, a liquid 
obtained by the action dl dry gfuseous hydrogen chloride on ger- 
manium, and tfnalogous to chloroform (CHCI3). Another compound 

*Soe also J. H. Muller, J. Amcr. Chon. Soc. 43 (1921), loSs. 

» See also F. Paneth aAfi E. <Schmidt-Hebbel, Ber. 55 (1922), 2616; J. H. 
Muller and N. H. Smith. J. ,4«»cr. Wiem. Soc. 44 (1922),* 1909. 
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worthy of nctice i8*“ geVmaAym tetraetilide^*’ G«(C,H5)4, a 
liquid prepared by mixing zin(^ ethide and germanium chloride ; 
it may be considered as analogous to the hydrocarbon, symmetrical 
nonane, C(C2H5)4. 

X 

B. Compounds of Divalent Germanium (Germanous 
Compounds). 

The lower compounds of germanium are less numerous than the 
higher ones ; germanous oxide, GeO, is obtained by heating -the 
dioxide with magnesium, and is a grey substance. A brown 
hydroxide is prepared by precipitation of germanous chloride 
solution by caustic soda. It is soluble both in excess of alkalis 
and in hydrochloric acid. 

The oiiljj other well-defined germanous compound is the sulphide, 
GoS, obtained wluui germanic sulphide is heatcnl in a cimrcnt of 
hydrogen ; it is a dark gi(‘V body, 'riie sul})hido is converted by 
the action of hydrogen chloride to the chloride, GeCla, mentioned 
above as being the source of the hydroxide ; this chloride does not 
appear to have b('on produced ii^ a state of purity. Germanous 
sulphide is not soluble in pure colourh‘Ks ammoni\im sulj)hidos ; 
but “ yell(jw ” ammonium sulphide, which contains free sulphur 
or polysulphides in solution, first converts it to germanic sulphide, 
which then passes into solution as a complex sulphide. 'J’he same 
state of affairs 'will be met with in the case of the lower sulphide of 
tin. 


Analyfical 

Germanium is usually precipitated and estimated as sulphide, 
which can be throAvn down in a distinctly acid sohition by means 
of hydrogen sulphide. Several other metals are likewise i)recipi- 
tated, but only in a few cases^ — such as germanium, tin, arsenic 
and antimony— is the sulphide soluble in ammonium i * Iphido. 
Hence these four metals can be se])ai*a^ed from the others. I'lie 
complex “ gcrmani-sulphidcs ” are more stable than *tli§ corre- 
sponding tin, arsenic and antimony bodies ; upon the addit’on of 
just sufficient sulphuric acid to neutralize the ^liquid f^^lowed by 
dilution, tin, arsenic aiM antimony are thrown down, whilst 
germanium remains — for the most part— in the solution. If, after 
filtration, the IHtrate is nfade strongly acid, anS again saturated 
with hydrogen sulphide, geriuanhim sulphide is thrown down. It 
should be washed with* slightly acidified water saturated with, 
Hydrogen sulphide (being slightly soluble in pure water), then with 
alconol satiu'ajied with hyjjrogen sulpkido^'and finally with ether. 

• ♦ • 
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A qualitative ijictnodi of sepiya^ing germanium from arsenic, 
and also from zinc and other me^ls with w?iich it is comny:)nly 
associated, consists in dissolving tlie mater^pl in hydrochloric acid, 
adding potassium j)ormanganate,< and distilling ; the distillate 
carries over gefmanium as the volatile chloride, tlVf germanium 
bei ug afterwards precijiitated from the distillate as sulphirio. TWc 
appears to be no reason wliy this method should not be madj 
qiiantitativo. ’ 

The best method of estimating germanium in imj)ur(^ zinc oxide 
depends on distillation as the vr)latile chloride, the distillate being 
afterwards precipitated by hydrogen sulphide ; the precipitate 
only comes down very slowly. The sul])hide is converted to oxide 
by treatment with nitric acid, excess of whi(!h is afterwards driven 
off by heat, and the metal is weighed as (leOa- J)etails of the 
process should be sought in the original paj)er.2 

t 

Terrestrial Occurrence 

The terrestrial occurence of germanium as a miuor constituent 
in various American and (German zinc-ores, as well as in su(;h rare 
minerals as 

Argyrodite . . .* 4Ag.>8,GeS2 

has been discussed in connection with the occurreqee of gallium, 
indium and thallium (s(‘e page 205). The richest source of ger- 
manium ajipears to be c(‘rtain zinc blendes from Missouri and 
Wisconsin.^ Germanium likewise occurs in various minerals 
containing rare earths, and also nlinerals of niobium and tantalum ; 
its occurrence'- in euxenite has already been mentioned. 

Extraction 

The recovery of germanium, as sulphide, from tlui “ leady 
residues ” left in the retorts when certain American ziiui ores are 
distilled for zinc has been jiiscussed in connection with gallium. 
The cru^e ztnc oxide obtained by roasting these residues is dissolved 
in hydrochloric acid, potassium chlorate is added and the liquid 
is distilled. The wfiole of the germanium present comes over as 
the ▼olatfle chloride, but since arsenic affio has a volatile chloride, 

* P. E. Browning Rnd E. Scott* Amcr. J^Scu 44 (1^7), 313. 

M.' Dennis and J. Papifli J. Amer. Chem. Soc. 43 (1921), 2140. 

* C. H. Buohanjin, .7. hid. Eng. Chem, 8*(1916), 585 ; 9 (1917), 661. 

* L. M. Dennis and J. Papish. J Am^r. Chem. ^oc. 43 (1921), 2131 ; H. C. 

Fogg and C. James: J. Amer. Chem. Soc. 41 (1919)^>047. See alsD G. Urbain,, 
M. Blondel, and M. Obiedoft, Comptes Rend. 150 (1910), 1758, who giv 4 > an 
alternative method. * 
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the distillate may also contain af sonic. Treatm|ut of lihc distillate 

with hydrogen sulphide throw| down the sulphides of germanium 
and arsenic, anS the mixture onipoasting yields oxide of germanium, 
most of the oxide of arsenic beihg removed by volatilization. It is 
bast to dissl^^e the roasted mat('rial in caustic alkali and to treat 
the solutfon with chlorine, which converts any ’remaining arsenic 
.^o the pentavalent condition. It is then possible to acidify the 
solution and to obtain the germaniuni by distillation as the volatile 
chloride. 
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Til/* 

, Atomic weight . . . ] 18;' 


The Metal 

Tin, like germanium, is a silver-white lustrous metal, but it is 
rather heaviiT than germanium, the specific gravity being 7-3 ; 
moreover, it melts at a far lower temperature, 232® C., lower than 
any other common metal, except mercury. Ordinary white tin, 
such as is generally met with, crystallizes in the tetragonal system. 
The coarsely crystalline texture of ordinary tin is ^unewfiat 
charactcristi(i. I’in is distinctly less brittle than germanium, and 
is malleable enough to be rolled into foil? When a piece of tin is 
sharply bent, a curious sound known as the (Ty of tin ” is heard 
at the moment of deformation. Microsections of deformed tin 
show the existence of “ twinning oft the side when^- the tin has 
been compressed, although it is usually absent on the side where the 
nu^tal has been in tension, ft is possibje that the “ (Ty " is caused 
by the atoms (on the comprcssional side) taking up their twin 
orientation. 1 Deformed tin undergoes recrystallization or grain- 
growth on annealing.2 

T'he malh'ability and ductility of tin increases when the metal 
is heated to 100® C., but it is extremely brittle about 195® C. ; 
the change is ascribed by most mithorities to the appearance of a 
rhombic all(jfe.^7pe which is stable above 161° 

When ordinary white cast tin (produced by cooling fused tin to 
the ordinary temperature) is exposed to an extremely low' tempera- 
ture (— 40°C.), it gradually commences to crumble, forming a 
greyish powder, which would seem to cmisist of another allotropic 
fortt of the metal ; grey tin has actually a much lower specific 

gravity, (5*8) than white tk\ (7-3). Grey tin belongs to the cubic 

« 

^ C. A. Edwards and H. C. H. Carpenter, J. Iron k^teel Inst. 89 (1914), 138. 
P. Grtubert, Comptes Rend. 169 (1914), 680. 

“ J. Czodiralski, In^. Zeitsch. Met. S (1016), 1. Compare H. C. H. Car- 
penlj^r antkC. P’. Elam, J. Inst. Met. 24 (192Q|, 83, who worked on tin oon- 
laming 1^ per cent, of antimony in solid solution. See also G. Masing, 
Zcitsch. Metallkunde^ 12 (1920), 453. 

“ Just as m the cose of the aUeged allotropicfhongeinzinw at 170-180° C .,80 
thAo is a little doubt about the existence ^f tho allotropic clAinge in tin at 
161° C. S. Nishaikawa euid G. Asahara, Phys. Rev. 15 (1920), 38, have com- 
•parod the X-ray patterns given by tin at 140°, 150°, 160°, 170°, and 200° C., and 
stat^ that there is no evidence of any change of fttomic arrangement. But 
so many other authoritics^havi^ obtained by different methods ovideii^e of 
the change that the balance of evideiw^p appuara to bo in far/our of ita oxistr 



TIN 219 

system, ^ thS atoms^ being arratiged in the sailie way as carbon 
atoftis in the d^monS. There ivould appear, therefore, to be three 
solid allotropes of tin,^ namel}!: 

Grey cwiic tin, stable below *20® C. 

, White tetra^nal tin (malleable), stable from 20® to JCl®C. (?), 
and probably 

,• Rhombic tin (brittle), stable from 161® (?) to 232® C. 

Since the temperature in this country is commonly below 
20° (^., it will bo evident that the soft grey form is really the 
stable condition at ordinary tcunperatiires, and that the familiar 
white variety is metastable. Apparently, when molten tin is 
allowed to solidify, and the white tin is cooled to ordinary tem- 
pqj-atures, we meet with a case of su])ercooling, such as is com- 
monly luitiiced when ini tals are cooled only a few degree's below 
a transformation point. According to (\)hen, the transformation 
of whit(' tin into grey tiiTran take place at any tempeTature below 
20® C., but at temperatures only just below 20® (\ the velocity 
of transformation is so slow as to be negligible. Tlu^ velocity 
increases fis the tin is coolM dAwii and reaches a maximum at 
— 48°C., below which point the velocity diminishes. Even at 
0® C, the vf'locity of transfr^rmation is (juite appreciable, if a little 
“ LU'cy till ” is })la(a'(l in (contact with the white, so as to provide a 
nucleus for the chang(‘. It would appi'ar that the presence of 
stannous salts also accelerates the change* at such temperatures. 
The reason is almost certainly to bo ascribed to the formation of 
a short-circuited coll or couple : 

• 

Grey tin i Tin salt | Whitt^i^ 

solution I 

• 

Below the transition temperature (20' C.), th(i gi’oy tin acts as 
cathode, and the unstable white tin as anodb ; thus white tin is 
dissolved away, and the sdme amount of fresh grey tin is di'positwl 
Consequently the transformation of white to grey tin proi^eds 
apace. The E.]\l F. of the above-mentioned cell hiis been rveasured 
at various temperatures ; it is found to become zero at tjie 


ence. See E. Cohen and E. Goldschmidt, Zvitach. CVir'^. 60 (1905), 

225 ; P. W. Dcj;ens, Zeitsc^. Anorg. Cham. 63 {1909), 207; W. Werner, 
Zeitsch. Anorg. Chan. 83 (1913), 275. However, V. M. Goldschmidt, Zeitach. 
MetallhinJCf 13 (1921), 450, Note 1, s.tj's that tlie so-called rhombic Un is 
really staimoi^s sinphide. A.ISmits and J. Smiyrftan, Proc, Amst. Aaui. 23 
(1921), 687, as a result of roseai on the thermo -electroraotivo forc«j of 
tin-iron and tin-copper couples, state that the change f?ora tetragonal to 
rhombic tin joccurs at 20y° 0. * , * 



613; 48 { 1904 )f 243; Trans. Faraday Hoc. 7^(19U), 122. 
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3 ransition-teitipera|ure, whilst abo\i3 that pointy the cel? would tend 
■/O send current in the opposite dircftion, gre/ tin being convepted 
:o white. i * * 

Under ordinary conditions, w'hite^in can b(^ stored ^r a number 
years wjthout appreciable change. Most of thfVOictual ca^es 
tvhere tin has become “ grey ” are due to exceptionally lowl^empera- 
aires. For instance, during the severe winter of 1867-8, sevorali. 
lamples of tin stored at St. Petersburg were found to be affected 
by what was called the “ tin plague ” ; some of the tin had actually 
jrumbled to powder. It is noteworthy that tin which has been 
stored for several centuries, even in ordinary climates, has been 
■ound to have become changed (at any rate in places) to the 
^rey condition. ^ 

Tin falls a little on the “ reactive ” vde of liydrogtin in the 
potential series, and will precipitate more noble metals from 
solutions of their salts ; thus tin boiled wi^li a solution of antimony 
shloride in hydrochloric acid will enter into solution, the antimony 
being precipitated as a black powder. On the other hand tin is 
itself reduced to the metallic state*, w4ien a solution of tin salt is 
treated with more reactive metals ; if a pieces of zinc; is placed in a 
tin solution, a tine dendritic growth o^ mental known as the “ tin 


tree ” is produced. 

Since tin is slightly more reactive than hydrogen, it is capable 
of dissolving in dilute sulphuric or hydrochloric acid with the 
evolution of that gas ; but the change only takes place if the solution 
is warmed, the rise of temperature reducing the “ overpotential ” 
of hydrogen-evolution. In contjifct with platinum, a material of 
low overpoteniiiai, tin dissolves in hydroc'hloric acid more readily ; 
the platinum, acting as the cathodic member of the corrosion 
couple, affords a surface upon which the gas can be evolved without 


ditticulty. • 

Oxidizing acids attack tin readily. Nitric acid yields different 
proikicts according to the temperature ajid dilution. If the acid 
is strong, stannic nitre^te m the main product ; being not very 
soluble in tfle acid, it is largely precipitated in the solid state. If 
water is present, hydrolysis of the stannic nitrate occurs, and we get 
in addition yellowish basic nitrates or stannic hydroxide ; whilst 
if the solufion is warmed these bodies quiclcly change to the so-called 
“ metastannic aci(i ” (see below). Finally, if the nitric acid is 
sufljciently dilute, the tin m not oxidized to the stannkj condition 
at all, and the/)nly product is 8tann1)us nitrate.^ 

• Tin also dissolviss in caustic alkalfe, evolvin^ydrogen apd f ormingj^ 
staiwiites, or — in presence of air— stannates. 

* A. Kleinsdunidt, Mongtsh. (1918), 149. • 
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Metallic Mn keeps its lustre ^ell in ordinary ^ir, aftd suffers no 
apiipeciable corrosion. 

The anodic *behavipur of tm ^ is of interest. When current is 
forced through an electrolytic roll furnished with a tin anode, and 
containing '^chloride solution, the tin is corroded at a current 
efficiency in the neighbourhood of 100 per ccnt.,\caleulhtcd on the 
^assumption that tin passes into the solution in the divalent condition. 
In a milphate solution, the efficiency of anodic dissolution is much ’ 
lower owing to the formation of a film of light brown oxide this 
is sometimes closely adherent and oKstnictive, sometimes loose and 
incoherent ; the current efficiency varies between C per cent, and 
84 per cent, under these different conditions. In a nitrate solution 
the oxide- film produced is of a loose charactcir, and does not appear 
usually ^o interfere wijh the attack. Tht^ efiicitme.y of aiiodie 
attack is high ; according to G. R. White a current efficiency of 
170-190 per cent, is usually obtained, calculated on the assumption 
that tin is passing into the divalent condition. It is difficult to 
find a satisfactory explanation for these high values. If the 
electrolyte is alkaline- (o.g« a s(jlution of sodium hydroxide), tin 
passes from the anod(\ under favourable conditions, exclusively 
into the divalent state ; in other words, the sole primary product 
of the anodic attack is soefium stannik?. But this salt is unstable 
and may become conv(^rtcd by secondary changes to stannat(\ 
Under ordinary conditions, access of air will convert the stannito 
to stannate ; even if this is prevented, the stannite solution is able 
slowly to deposit a grey prt^cipitate of metallic tin, stannate being 
left in solution : • 

^ tSn H 

Apart from this slow change, as soon as any considerable amount 
of stannite has accumulated in the bath, it will begin to be oxidized 
anodically to stannate. If a film of clinging, insoluble obstructive 
matter, e.g. stannic acid,,(;omeH to be formed on the anode surface, 
causing total oi partial passivity, the passage of tin into tl 8olg,tion 
will be obstructed ; the anodic potei\f;ial will then become aiore 
positive, and the oxidation of stannite to stannate viB !>ef;ume the 
most important electrodic change. * 

Laboratory Preparation. The metal may be prepared by the 
electrolysis of an aqueous solution of a tin salt. Deposition from a 
chloride solution at low current •tensity produces a loose deposit 
of bright crystals. Deposition from certain complex salt solutipns, 
such as ammonium tin oxalafe, preferably in the presence of peptone* 
gives a sijiooth depqijit! • , 

lite, J. Phyn. Chem. 15 (1911), 757. 
sr, Zeit§ph. KlefUrochAn lo (1910), 599. 
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Tin can ho obtaineA as a crystalline “%ee by pl|.cing zinc in 
an acidified solution of a tin salt. A dry iliethod of obtaining 
tin from the compounds consists inmeating }ho oxiefo with charcoal ^ 
and potassium cyanide ; the cyaAide probably acts as the real 
reducing agent,* becoming converted to cyanate, ^ich is then 
reconvcirtoA to cyanide by the carbon. If tin oxide and carbon afe 
heated alone, without the presence of cyanide, a much highei^ 
temperature is needed for the reduction. 

For the preparation of pure tin from impure metal, it is possible 
to distil it in a cmTent of chlorine. Tin passes over as the volatile 
tetrachloride, whilst most of the impurities remain behind. The 
tin is then precipitated from the distillate as sulphide, which is 
afterwards dissolved in a. solution of sodium sulphide containing free 
alkali. By clectroly.sis of this solution, pure tin can be obtained.^ 

Compounds 

Tin forms two classes of compounds, (hawcul from the oxides 
SnO and SnOa ; these correspond to the two series of germanium 
compounds. Both the oxides ra^ntio*icd are “ amphoteric,” that 
is, they dissolve in acids, forming stannous and stannic salts, and 
also in alkalis, forming “ stannites ” and “ stannates ” respectively. 
But all these solutions hydrolyse very readily and under certain 
conditiotis deposit hydrated oxides of tin spontaneously. 

A. Compounds of Tetravalent Tin (Stannic Compounds). 

Stannic oxide is forrrn'd in tlu^ anhydrous state wlien excess of 
air is passed for some time ovej molten tin ; at first the lower 
(stannous) oxj^ is formed, but this is finally oxidized to the higher 
compound. But it is more conveniently produced by igniting any 
of the forms of hydrated oxide (stannic acids) discussed below. 
As usually produced, the oxide is a heavy wliite powder, but it is 
known in three ditferent crystalline form^^ res[)ectiveiy isomorplious 
witj^the three forms of titanic oxide. Ilie most important form 
belongs to the tetragonal system and is found in nature under . 
the • nafhe • cassiterite*” ; it will therefore be discussed in the 
sefttion on geo-chomistry. This form can be obtained in the 
laboratory* by the crystallization of stannic oxide from fused borax. . 

The hydrated oxide, usually known as^stannic acid, is formed 
when a etannic salt (e.g. stanni^ chloride) is precipitated with an 
alkali (such as calciVm carbonate), or wheA a stannatij is decomposed 
witli hydrochloric acid. \^^en throwft down from a cbld solution, 
jt is usually a rather voluminous ]^ecipitate soluble either in acids, 
yielding stannic* salts, or in alkalis yielding solutidns of J}h^ 

^ J. Bongartz (Sid M Claasen, Ber^ 21 (1888), 2)00. 
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starmates. JBut, itke sb many hydrated* oxides, it undergoes 
“ ageing ’’—slowly *at ordinary temperaturesf but quickly on 
^ warming — giving rise to a prcfiuct which reacts much less readily 
both with acids and alkalis. So different is the behaviour of the 
product obtaijjed in the cold to that obtained on warming, that they 
iTave been assigned distinct names ; the produtt obtained in the 
^cold is called a-stannic acid, and the product obtained on warming 
‘^-stannic acid or metastannic acid. The latter is usually pre-^ 
pared by the action of nitric acid on metallic tin at 100° C.j at 
ordinary temperatures, nitric acid acting on tin gives a nitrate 
of tin (stannous nitrate or stannic nitrate accorcbng to the concen- 
tration of the acid). 

The })ehaviour of a-stannic and /?-.stannic acids to acids and 
aRtalis is very different. Weak alkalis, such as ammonia or sodium 
carbonate, peptize the a-acid but not the /?-acid. {Strong acids or 
alkalis dissolve a-stannjp acid, yielding a solution from which 
crystalline stannic salts or stannates can be isolat(‘d. But the 
/ 5 -stannic acid is merely peptizc'd, and under ccutain circumstances 
(‘xcess of the reagent < 3 ause^ the^ / 1 -acid to be thrown down once 
more. For instance, /1-stannic acid treated with concentrated 
hydrochloric acid is not dissolved, but if after some time the rnixtiue 
is diluted with a large voluitic of water, a more or less clear colloidal 
solution is obtained; addition of excess of hydrochloric acid- -or 
alU'rnatively h very much smaller amount of sodium sulphate — 
renders the solution cloudy owing to the rei)recipitation of j^-stannic 
acid. However, continued boiling of the ^-acid with a concentrated 
acid or alkali converts it to a tryo solution of a stannic salt or a 
stannate. 

Some chemists regard a- and /?-stannic a( ids as dTImitcly distiiud 
individuals. According to one vuwv,' a-stannic aiid is written 
HaSnOa, and /i-stannic acid is regarded as its pglymc ride (H .SnOg) 5 . 

It seems, however, more 4 )robal)hi that a- and /1-stannic acids are 
really the same sui)stance. It will be recollected that iv the^.ase 
of hydroxides of (ferric) iron, a series ot products can be obt ined 
differing in colour, general appearance, afid chemi* al prr»])ertios, 
and yet this sensational variation in j)ropertios is now att^ibuh)d 
mainly to the size of the primary particles. It seems *^ery likely 

0 * f 

1 A. Kleinsclunidt, Montash. 39 ( 191 ^, 149 . The view is based* upon the 
analysis of tlie p^ducts obtained by ino action (jf acids or alkalis on meta- 
stannic acid. •• These products are stated by ^rlier writers to liave a rather 
variable composition, and are gftiei^y rerarded merely ^ adsorption pro- 
ducts. But Kloinschmidt assigns thejn definite names and formulie, such as 
aaetastannyh chloride Snj 3 j(OH) 8 Cl., metastaimyl nitrate’ Snj05(0H)8(N03),/ 
and# sodium raetastannate SmO^tOHlgtONa),, which would suggest . that 
metastannic aef^ itself was Snj(35(OH)8{OH)'j or (11481103)5. 
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that a similar sori^ e^rists in the^ase of the 'stannio acids ; the 
products in which the primary particles are small are those wjiioh 
wo call a-stannic acid, whilst thosJin whic^ the pAmary particles / 
are largest are called ^-stannic acid ^ This view explains why the 
/9-product is less' reactive in its chemical behaviour, ^^obably the 
same expl}!natioi;*may bo extended to the analogous cme of tHe 
titanic acids (Vol. II, page 241). , 

Another view of the spontaneous change from a-stannic acid to* 
/ 9 -stannic acid depends on the amphoteric character of stannic 
hydroxide ; the change is regarded as being of the nature of salt- 
formation. ^ a-stannic acid can bo regarded either as stannic 
hydroxide (Sn(OH) 4 ) or as stannic acid ( 11481104 ) ; these may 
combine to form a salt, stannic stannate, water being eliminated. 
According to this view, the so-called ^-a^id is a salt of jlliis kihd. 

It is stated that when the two products arc dried in air, the /9-body 
contains loss water than the a-body. « 

If a-stannic acid is liberated in very dilute solutions, it is not 
precipitated, but remains as a nearly cilear colloidal solution. 
For instance, if a solution of lyghly#. diluted sodium stannate is 
acted uj)on with an acid, or a highly dilute solution of a stannic 
salt with an alkali, no precijiitate is observed ; often, when 
stannates or stannic salts suffer hyilrolysis by dilution, no gelatinous 
hydroxide appears - at any rate for some time. It is possible to 
rtunovo most of the electrolytes from the liquid by dialysis, and thus 
to obtain a colloidal solution of a-stannic a(ud. However, when the 
colloidal solution is treated with a trace of hydrochloric acid, a 
prc'cipitate of gelatinous a-stanivc acid is usually obtained. 

The chargj^n the colloid particles of stannic acid aj)pcars to 
depend on the mode of formation. If the stannic acid is produced 
in alkaline solution, the charge is negative ; if in acid solution the 
charge may bo positive. For instance, by the addition of dilute 
stannic chloride to excess of very dilute ammonia, followed by 
dialysis, a negative sol is produced ^ ; the charge on the particles 
is possibly due to adsorl>ed (OH)'ion 8 . On the other hand, by,., 
the hydrolysis of stannic chloride, a gel can be obtained which is 
positively charged, no doubt owing to the adsorption of hydrogen 
ions from the hydrochloric acid, which is also a product of hydrolysis. 

If this acid is gracfually removed by w^.?shing the gel, the colloid 
becomes first neutral and finally negatively charged.^ 

iLW. Mecklenburg, Zeidch, Amrg. Chern. 64 (1909), 368^ 74 (1912), 207; 

84 (1913), 121. ‘ 

« G. E. CoUins and J. K. Wood, Tmns. Chem. Soc. 121 (1922), 441, 1122. 

» W. BUtz, Ber. 37 (1904), 1095. 

* i,. Glixolli, KolL Zeitsch. 13 (1913), 194. Ck>mpare F. Powis, TmiM. 
Chern. Soc. 107 (1916), 823. 
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When gelatinous *stanrfic aci(^ is treaiea wii|j small quantities 
of sodium hyciroxide/peptizatiqii occurs, and a colloidal solution is 
^'^obtained. The** gels cqnsist, o^ com*se, of flocks of considerable 
size consisting of aggregates of Oie sniall primary particles in loose 
\mion. With^inall amounts of alkali, these flocks break up to a 
lal’ge extomt, but the liquid still seems to eoiflain fiiirly large 
secondary aggregates.’’ As the amount of alkali is increased, 
*tliese are broken up completely into the very small j)rimary particles, 
and the “sol’’ becomes niore stable.^ Finally, when the 'alkali 
is prt'seiit in large excess, the primary colloid ])articles are attacked, 
and the ])article-size becomes m(»lecular, an ordinary solution of 
sodium stannate being formed ; this has. of course, considerable 
stabiliiy. Tlie gradual ])asHag(^ from susj^ensions containing flocks 
of visible size through H*olloklal solutions to true salt solutions is, 
no doubt, a phenomenon <-ommon to most sj’stems of the kind ; 
a rather similar transiti(K') is m(‘t with in tlu^ treatment of ferric 
or aluminium hydroxid(‘ with gradually increasing amounts of 
hydrochloric acid. 

The Staniiutes. Sodium a-sCaiinatc “ can be prepared in the 
solid state by treating precij)itated a-stannic acid witli hot sodium 
hydroxide ; the stannic acid dis.solves quickly, and sodium stannate 
:'Oon comes down as a crystalline })reci])itatC! of composition 
Na,8n(OH)6, or NhuSnO-pSHsO. It can also lx; obtained by heating 
metallic tin wA^h sodium hydroxide and sodium nitrate. 

The soluble u-stannic salts are mostly white substances which 
are at once hydi’olyscd w'hen treated with pure watt‘r, yielding 
gelatinous precipitates containing* (x-stannic acid or a basic; salt. 
This can b(‘ ))r(*ventcd by the addition of free* a(;i(l "^rhe nitrate 
can be. obtained by the action (jf cold concentrated nitric acid on 
tin, but the solution readily gelatiniz(‘s if allowed to becom<! warm, 
yielding metastannic acid. The sulphate, >Sn(b.2H.,S()4, is formed 
when stannic oxide is dissoK'cd in sulplnu’ic acid. It can b» obtaiiu d 
in rhombohcdral crystals closely resembling enbes by *^oiis 
■^"^raporation of the solution.^ • . ^ * 

Stannic chloride, SnCl 4 , like germanium chloride, is a heavy 
liquid, obtained by the action of dry chlorim; on molten tin. When 
brought into contact witbj water, it dissolves leadily, heat being 
evolved ; from the solution various crystalline hydrates, such as 
SnCl4.5H20, can^be obtaii^d. Th<? anJiydrous fihloride fumes in 
' damp air, the white fumes apparently lx4ng due to a solid liydrate. 

^ R. Zsigmondy, Zcit/tch. finonj. C4m. 89 (1914), 210. Compare W. 
Panili, Tram.^ Faraday Soc9 ib (1921), Ap|3endix, p. 15. * 

* Fjpt further details soc H. Zocher, ZcUsch. Ar^rg. Chetn. 112 (1920),^. 

=* A. Date, Comptes Rmd. 104 (1887), 172.* 

M.C. — VOL. IV. I 
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The dilute ^oluti(^n l:fydroly8e8 oi^keepiifg, and more rapidly when 
boiled, a gelatinous precipitate being as usual produced. c 

Crystalline double salts with r potassium chloride and witlp-*^ 
ammonium chloride exist ; they ai*e usually known as potassium 
stannlchlorid6, Kj[SnCIfl], and ammonium s^nnichloride, 
(NH^japi'iCle] ; ^the latter is sometimes called innk^^sali. Tiie 
appearance of the common co-ordination number, six, \vill be noted. 

It is interesting to observe that the arrangement of the atoms in 
the crystals has been ascertained by the X-ray metliod. It is 
found that the six chlorine atoms are actually grouped around the 
tin atom at equal distances from it, being much closer to the tin 
atom than is the atom of potassium (or the radicle NHJ.^ 

The insoluble stannic salts are prepared by precipitation. When 
hydrogen sulphide is passed through an aci<lihed solution of startnic 
chloride, the sulphide, SnSj, is produced as a yellow precipitate. 
The same body is obtained when tin and sulphur, preferably in 
the presence of ammonium chloride, are heated together ; under 
these circumstances tin sulphide sublimes, collecting as minute 
golden crystals. Like germanium s’llphicic, it is soluble in excess 
of ammonium or potassium sulphide forming such complex 
salts as (NH4)2SnS3 and K2SnS3. These bodies, known as 
“ stannisulphides ” or “ thiostannates,” have in several cases 
been isolated in tlu^ solid form, by crystallization of the solution. 

Stannic phosphate is obtained by preeipitati(^n in the usual 
way ; it may also be obtained by boiling tin with nitric acid in the 
pre.senco of any phosphate. Unlike nearly all other p}n)sphates 
of the heavy metals, it is insoluble in nitru; acid, and on this fact 
depends tin* ■»* of tin in the analytical estimation of phosphate.s. 

B. Compounds of Divalent Tin (Stannous Compounds). 

Stannous oxide, SnO, is obtained as a grey powder when stannous 
oxalate is heatc'd. 'llie ignition of ai\ oxalate is a useful general 
inethod of obtaining the lower oxide of a metal ; the decomposition 
of oxalates always involves the evolution of carbon monoxide, and , 
in presence of this reducing gas, the lowest oxide of the metal is 
in many cases produced. The hydroxide Sn (OH )a may be obtained 
by the normal method of precipitating a stannous salt with caustic 
alkali ; - when di*ifed over sulphuric awd, it is said to have the 
composition Sn(0H)ji.H,0. 

The precipitated hydroxide is disLolved by excess of caustic , 
dlkali, and the solution contains e ** stannite analogous to a 
zincate. SucTi solutions are, however, - very unstable. They are 

,\ R. G. Dickinson, J. Armr. Chefn. Soc. 44 (1922), 276. Tho'X-ray atudj/ of 
stannic iodide (Snl 4 ) is of .pecial interest, smce it appears to show theefistence 
of well-separated molecules in the ^rystali.ne state. See R. G. Dickinson, 

J Amer, Chem. Hoc, 45 1 19231. 958. 
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readily oxid’zed by air yielding stan nates. Even if» oxygon is 
excbided, a 8 olution‘'x)f sodiuiir,staiinito gradually decomposes to 
, sodium stannate and metallic tin, the last-named substance 
appearing as a grey precipitate. •It is stated that potassium stannito 
is more stabli^than sodium stannite.^ 

The solftblo stannous salts arc colourless eryst^Ulillc bodies, best 
obtained by the action of the acid upon tlu; metal. For the 
‘production of the nitrate very dilute nitric acid must bo used, 
since otherwise stannic nitrate will be formed along 'with itr The 
sulphate is formed when tin is (bssolved in sulphuric acid, lloth 
salts show a marked tendency to hydrolysis, and a clear solution 
can only be obtained from the crystals by the addition of free acid. 
Stannous suljdiato is also formed by the action of sulphuric acid 
on st annoys chloride Ixdow ; if the tempCTature is raised 

further (130 -200® C.), the sulphuric acid acts as an oxidizing agent, 
and stannic sulphate is the main product. - 

Stannous chloride is the best-known salt of tin. It is obtained 
by dissolving the metal in hot hydrochloric acid and can be crystal- 
lized in cok'urless mouocliric c^-ystals having the comi)Osition 
8 nCl 2 , 2 H 20 . 'J’ne solution in jmre Avater is always cloudy, owing 
to hydrolysi.s, but is clarifu'd by the addition of hydrochloric acid. 
The solutions, like those of all stannous salts, are strong reducing 
agents ; th(‘y can convei't mercuric chloride to mercurous chloride, 
or even to m<?tallic mercury ; they also act upon gold chlorid(v, 
forming the so-called “ Pttrjde of Ca.SKius,'’ a form of colloidal gold. 

Stannous sulphide is a brown precij[)itat(i obtained when 
hydrogen sulphide is passed through an acidified solution of a 
stannous salt. It is not of itself soluble in piire colourless 
ammonium sulphide, but dissolvt‘s readily in the yellow mixture 
which often ])asscs under that name. This mixture contains 
enough free sulphur or polysulphide to convert stannous to stannic 
sulphide, and the latter compound quickly di.ssolvcs in ammonium 
sulphide, forming amnR)nium stannisulphide, 

C. Miscellaneous Compounds. * » 

Tin Hydride.^ Tin shows much less disposition to combine 
■with hydrogen than germanium, just as germanium luc* less affinity 
for hydrogen than carbon find silicon. The existences of tin liydride 
has only recently been cstablishecl. When an^ alloy of tin and 
magnesium is dij^feolvcd in Jlydroehlorie acid,* the hydrogen evolved 
contains tin hydride and- if p.-ssetl through a heated tube — deposits 
• 

F. Foerster, Zeitsch. J^ektrochem. 15 (1910), GOl, inefuding footnote. * 
* Kf G. Durrant, Trans, Chem. Soc. 107 11915*, 025. 

= F. Paneth ai»i K. FUrth, 52^1919), 2020 : F. Panoth, M. Matthiea 
floid E. Schmidt Hebbel, Ber. 55 (1922), ITf. ’ , 
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a distinct iflirrof tfc. Tin hydjiJe is i^ory unstabloiand has only 
been prepared in any appreciable quantity wlren diluted with a yery 
large proportion of hydrogen, but fj has becyi possible to prove that^ 
its composition corresponds to tKe formula SnH4. 

As in the case of germanium, various organic d^pvatives of tin 
are knowrf. As afn example, the tetra-ethide Sn(CaH5)4^analogoli8 
to gcTmaninm tetra-ethide (j!e(C2H5)4, may be mentioned. 

Analytical 

The easy reducibility and low melting-])oint of tin make it a 
simple matter to obtain a bead of the metal by heating a compound 
suspected to contain it ^vith charcoal and sodium carbonate in the 
reducing flame of the blowpipe. The bead can be c^ssolved* in 
hydrochloric; acid, and the solution tested for stannous chloride by 
the addition of mercuric chloride. A b«rax bead, which has been 
rendered blue by the addition of a tracer of copper, is turned to a 
ruby red colour when heated in the ri'duciiig flame with a trace of 
tin salt. ('Jiie ruby colour is, ol course, tlto same as*that obtained 
in the commercial variety of ruby glass wiiieli contains copper 

reduced with tin.) 

' « 

IVIany of the so-calk'd wet tests for tin salts depend upon the reduc- 
ing action of stannous comjKmnds ; stannic salts will not rc'Spond 
to them. A stannous salt, for instance, will rc^ducA auric chloride 
to Mnely divided gold (“ Purple' of ('assius ”) ; but other reducing 
agents, such as ferrous suljfliate, also rediu'e gold to the metallic 
condition, although they do not,<is a ruU', produce the gold in a form 
having the .'haracteristic a])pearanc(^ of “Purple of (.assius,” 
Again, merciuic chloride is reduced to the white insoluye calomel 
by th(‘. addition of stannous chloride solution, or ('ven to the grey 
metallic state ; but\the same redu(;tion is brought about by certain 
other reducing agents. •« 

^.lore characteristic, therefore, of tin compoumls as a whole is 
the at;tion of sulphuretted »hydrogen ; if this gas be bubbled throngb 
an acidificki solution of a tin salt, the whole of the metal is thrown 
iowm as a sulphide, w'hich is brown or yellow according as it is 
produced* from a, stannous or stannic solution. Both of these 
sulphides are soluble in yellow amm()nium sul])hide,” complex 
stannisfiilphides lacing in each* case formed. Only a few metals, 
r\<>mely tin, molybdehumi germanium* and two' members of the 
next group, ajsenic and antimony, give sulphides which are soluble 
( in excess of aipmonium sulphidb ; the ^€^aration of ^tin from all 
other metals presents, therefore, no difficulty. ^ 

Of the five elements ' mentioned above, raniybdenum and 
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germanium cire but^^rarely raetcwith in mixturns' containing tin; 

‘ methods of senarating these metals have been dcvscribed in the 
' ‘ sections devoted respectively to molybdenum and germanium. The 
separation of tin from arsenic afid antimony is more difficult. The 
best method tin from arsenic depends on the fact that 

tin sulphffie is not thrown down from a strongly acidified solution. 

.All the metals are first converted to the highest state of oxidation 
by treatment ^vdth chlorine in alkaline solution. The solution is 
afterwards acidified with hydrochloric acid, boiled to decoihpose 
chlorates, and cooh^d in ice ; hydrog(‘n sulphide is then bubbled 
through the ice-cold solution, under which conditions only arsenic 
is precipitated; antimony and tin remain in solution. The 
senaration of tin from antimony is similar in princi})le, but is carried 
out in a h»t solution aifid'fied with oxalic acid ; under these condi- 
tions, antimony is ])n‘cipitated, hut tin still remains in solution.^ 
An electrolytic method of separating antimony from tin de])ends 
upon the (‘lectrolysis of a solution of the mixed sulphides in (u)n- 
centratcid sodium sulj)hide ; the sohition should he made alkaline 
with sodium iiydroxide and shouh'. also contain ])otassium cyanide, 
which serves to destroy polysulphides and to ri'diico any pentavalent 
antimony compounds to tbe corresponding trivahmt com])ounds. 
]f the E.M.F. applied to the cell be adjusted correctly, tlui whole 
of the antimony is deposited, whilst the less noble tin remains in 
solution. 2 

When tin has been freed from other metals, it is usually brought 
into the stannic condition and precipitated by means of ammonia 
in the presence of ammonium nitnfto, wffiich pnu^ents the dissolution 
or peptization — of the precipitate by an excess Oi ..mmonia ; the 
pr(‘cipitatc is washed with a hot dilute solution of ammonium 
nitrate. The jirecipitatc is afterwards ignited, and the tin weigh(‘d 
as stannic oxide (SnOj). An accurate nu'.th id of estimating tin 
is to deposit it electrolytlcally from a solution containing excess 
of ammonium oxalate ; a good deposit of tin can be obtained upon 
^ platinum cathode. The solution must be kept slightjy acid 
during the process, sulphuric acid being added after 'electrolysis 
has been in progress for about six hours. ^ The process is ratluT 
slow ; in an unstirred bath, the electrolysis lasf^ about twenty-foiu* 
hours. 

Another pexuiliarity of tin whick serves to (distinguish it from 
other metals, except antimony, is the actioA of fairly concentrated 

• 

1 Details given in F. P. Ti%adwell’s ‘ Analytical Clieraintry. ” Translation 
W. T. mu (Chapman & Hall). . 

« Jt. Fischer, Zeitsch, Anorg. CUm. 42 (yi04)# .363. 

»F. Henz, Z^h. Arwrg. dfiiem. ^7 (1903), 40. 
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hot nitric acid ufoii the metal. tWhen thiS|acid acfbs upon tin, 
it converts it into “ motastannic a|id,” which is ingoluble in nitric 
acid ; antimony is under the sam^conditiofis changed to an oxi^eg 
insoluble in nitric acid, but the nretals of more pronounced basic 
characters^ give soluble nitrates. ^ ^ 

On the peculiar action of nitric acid upon tin and* antimony 
rests a rapid but rather inaccurate method for the separation and, 
estimation of these metals in alloys, especially in type-metal, which 
contains lead, antimony, tin, and often copper. When such an alloy 
is heated with 90 per cent, nitric acid, the tin and antimony pass 
into insoluble hydrated oxides, which may be washed and filtered 
off, while the other metals are (jonverted to soluble nitrates, and 
may be estimated in the filtrat(\ The mixed oxides are di-i 5 ‘d, 
ignited, and weighed. When the combin'd weight is li/iown, that 
of the antimony alone is arrived at by treating the mixture with 
hydrochloric acid, adding crystals of* pure nu'tallic tin, and 
boiling, 'fhe nu'tallic tin reduces the “ noble ” antimony to the 
metallic state, throwing down a heavy black precipitate of (dcmental 
antimony ; this does not adhert'tto the massive tin, but (>-an easily 
be washed off on to a lilter paper, dri(‘d at lOO'M^, and weighed.^ 
The weight of the antimony being kijown, that of the tin in the 
mixed oxides is obtained by difference. The inaccuracy of the 
method is caused by the danger of the formation of soluble tin 
nitrates in place of the insoluble nudastannic acid. Another cause 
of error is the partial retention of other metals in the precipitate 
of tin and antimony. 

Many volumetric methods wJist for the determination of tin. 
Of these, the d'dration of a solution containing tin in the stannous 
condition with iodine appears to bo the most convenient. ^ A 
little starch is added near the end-point to s(‘rve as indicator. 

Terrestrial OccuR!kENCE 

The ^eo-chomistry of tin is of exceptional interest.'’ The mejnb .. 
which existed— like other valuable metals — in only small amounts 
in the original magma, has become concentrated during the con- 
solidation of igneoys masses in the highly siliceous portions which 
have remained liquid to the last. Practically all the tin ores are 

connecited with highly siliceouR Igneous rocks (granites), and the 
• « 

M. Mangin, Chem. News, io (189f), ^3. 

• Tlie different methods are compared by J. G. F. Druce, Chem. News, 121 
,(1920), 173. , • * I, 

H. G. Ferguson and A. M. Bateman, Econ. Oeol. 7 (1^12), 209 ; W. 
Linagren, Trans. Amer.'i'iat. Min. En^. 30 (1900), 613; J. H. L. •Vogt, 
Trans. Amer. Inst. Min. Eng. dl (1^01), li5. » 
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tin generally occurs in — or clos§ to — ^the quartz-veinft which are 

found cutting the gfanite-mas|. The quartz-veins represent the 
<i/pio8t siliceous part of the granitic magma, which remained liquid 
after the rest was solid, and n^iich apparently in the very last 
stage of the i^lidification w'as squeezed out through any cracks 
which had formed in the already solid part of tho’granito and hard- 
^ oned in them. This siliceous portion was naturally comparatively 
rich in tin, and, if the tin merely f)ccurrod within the quartz-veins, 
its presence there would cause no surprise. But, curiously enough, 
the tin is found not only in the quartz- veins, but within the granite 
walls on either side of the quartz-voiiis. The granite has under- 
gone marked changes whore the stanniferous (piartz- veins have 
passed through it ; the felspar has become changed to mica — often 
a lithium^bearing Aariety -and various minerals not present in 
ordinary granite arc found in the changed granite, or “ greisen,” 
as the rock is called. T^u) minerals found in greisen iiujlude com- 
pounds containing boron, smth as : 

Tourmaline . . . (Na«,Lij.„j\lg,„Ca3,Fe.„Al._j,B2)Hi05 ; 

compounds eoidaining fluorine, like : — 

Topaz (AlF)gSi04 

Fluorite (^aFg 

and Fluo-Apatito (CaF)Ca4(P04)3 ; 

compounds cbntaining lithium, such as : — 

Triphyllite . . . LiFeP04 

and Lepidolite (lithia-mica) . KLi[Al(0H,F}2lAl(Si03)3 ; 
and — most important for our pilrpose — the oxide of tin, 
Cassiterite SnOj. 

The character of the change in the granite suggests the view — 
now generally held — that it has been brought about by hot vapours 
given off from the rock in the last stage of the consolidation pro- 
cess ; it is noteworthy that the elements fluorine, boron, . nd lithium 
have all volatile compounds, and they* presence in an ore-ueposit 
is generally regarded as evidence of pneumatolytic sirig^n. The 
almost invariable association of tin with fluorine suggestF that the 
tin has actually been given off as the vaporous fluoride, SnF4. 
This has probably acted upon the silicates o^ the graiiito, yielding 
cassiterite (SnOj) and minerals* containing ^uorine, whilst the 
lithium and b^ron also Resent in the vapours yield minerals like 
lepidolite and tourmaline. Th^ latter mineral appears to be formed 
mainly from the fel^pal* of the granite. There is little object in 
at^^mpting to express these changes by definite equations^ since 
evidently eath mineral c^ equally well b8 regarded as being formed 



232 


MITAI^ 'And METAIf fc COMPOUNDS' 

* ^ • * i 

in a numb(ff of* ^iffdlrent ways. ^The sfmpl^t possible mode of 
formation of cassiterite from tin fluoride would be through hydrolysis 
by the aqueous vapour present f 


, SnF, + - SnOa + 4HF, 


and if thif^is regarded .as the primary reaction, wo mujft suppose 
that the hydrofluoric acid formed next acts on the silicates producing 


^ fluorides. 

A good deal of controversy has arisen at different times among 
geologists as to whether various ores have been deposited by the 
action of vapours {pneumutoh/tic agency) or of thermal waters 
(hydrothermal agency ) ; but the matter is possibly less important 
than is usually supposed. Many of the substances evolved from 
the rock magma must — at the moment of evolution — bo aj)ovo their 
“ critical temperatures,” the point at which all distinction between 
the liquid state and the gaseous state vanishes. For convenience 
we may refer to the water given off from the magma as being in 
a ” gaseous ” state at the moment of its liberation, and as becoming 
“liquid” during its passage upwards# throfigh the fiosures in the 
earth’s crust ; thus the tin ores whicdi are formed low down can 
be regarded as “ pneumatolytic ” in origin, whilst the ores of 
copper, lead, and zinc, which apj)ear at a higher point, are spoken 
of as being formed in a “ hydrothermal ” manner. Iffit it is not 
certain that there is any sharp distinction between the two classes 
of ores. 

The mineral, cassiterite, referred to above, crystallizes in the 
tetragonal system, and where thc^ crystals have been allowed free- 
dom of growth W 0 ll-develoi)ed tetragonal pyratnids or prisms are 
often obtained ; in other cases, botryoidal growths of tinstone, 
showing a radiating fibrous structure when broken open, are mot 
with. The lustre is afUmantive ; the colour may be white if pure, 
but is more often dirty yellow or brov. 71 , giving the mineral a 
“ wqpdcn ” appearance ; sometimes, if very impure, cassiterite 
may bo black. It is a heayy mineral, the specific gravity beijjg 
about 7^0. • 

The ordinary ores of tin, produced by pneumatolytic agency, 
generally otcur much deeper in the earth than the ores of copper, 
lead, and zinc, the origin of which is comm^ly ascribed to ascending 
waters. Jn fact, a|^ already mentioned, the veins of tin usually 
ocejp within, or very elosoito, the intAisive ign^us mass from 
which the tin was derived. Thus tfne vin-ores are to a large extent 
free from such h^vy metals as copper, lea^, and zinc, although 
comnjonly mixed with , tungsten mii\erals. In CornwaU, for jn-* 
stance, the copper-ores ahd tsn-ores are connected with the same 
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series of intrasions, but tne coj^r-veins are/ cfjpfJ)ar^ivoly near 
the surface, whilst tfie tin- vein!| exist at a much lower depth. ^ 
^The main tin -fields of the womi are found in the regions affected 
by folding of the Horc3mian fpost-carboniferoiis) system. It is 
quil^ likely tfl^|t tin-ores have been produced by the later oarth- 
movementS which occurred in tertiary times^ but*they lie too deep 
^to be accessible. In the case of the earlier ores, time has been 
allowed for denudation and subsequent earth- movements to render <, 
these ores accessible from the surface.- 

The fact that tin-veins are often only a hnv inches in thickness 
and that the tin occurs largely in the wall-ro(^k, makes it impossible 
to mine the tinstone without bringing up a large amount of worthless 
material. 

It is prqj^)ablc that the^majority of tin-on^s have the pneumato- 
lytic origin suggested above, but there are certain cases where 
they have been formed m other ways, ('ertain ores in Perak,'* 
which occur in limestone, appear to have been deposited from 
thermal waters given off from an intrusive mass, like the typical 
ores of such nwtals as zhic, h*ud, %nd copper. On the other hand, 
in certain American ores, notably those of CWolina,* the tin occurs 
within dykes of ])egmatit(' whilst it is practically absent from the 
w^alls of the rocks through which the pi^gmatite passes ; evidently 
heri' the cassiterito vsas doposiU'd from the fused state. 

Where rockfi threaded by tin- bearing veins are subjected to 
weathering, the cassiterito crystals withstand the action of the 
agents of change fairly well ; they are not chemically attacked 
but are carried off by the running waters, and, along with other 
detrital matter, find a way into streams. But as iv invariably the 
case \^itl\, heavy minerals suspended in wati^r, the cassitorito- 
grains are dropped as soon as the velocity of the water becomes 
reduced, along with other heavy minerals, lik«^ wolfram, and also 
the coarser sand-particle?. Thus important placrer-deposits and 
gravels containing grains of cassiterito (“ stream-tin ”) a. < for»\)od 
isjM^the beds of the rivers which rise iq hills containing yirimary 
tin-ores. 

The principal tin-ores of the world are found around the Pacific 
Ocean. The important deposits of Bolivia ® are por*'^aj^‘S a little 

^Compare H. Louis, J. !Soc. Chem. Ind. 39 (1920), 194r. 

* J. W. Gregory, Trans. Chem. »S’oc? 121 (1922), 770. i. 

’ W. R. RumboUX Trans. Ar.9er. Inst. Min. Eng. yi (1906), 879. Compare 
R. A. F. Penrose, J. Oeol. 11 (1903). 135. ' 

*L. C. Graton, U.S. Qeol. Sur^. BuU. 293 (1900), 31-57^ See especially 
page 43. * > 

* A. F. Weftdt, Trans. Inst. Min. Eng. 19 (1890), *90 ; W. R. Rum-* 
bold, ®con. Qeol 4 (1909), 321 ; IL Bancroft, Trt^ns. Amer. Inst. Min. Eng. 

47 (1913), 173. • .. • 
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3xcopti()nalf TAci ti^ compoun(|j} are generally foind in veins 
containing sulphiaes of silver, iron, copper, “zinc, and load, which 
iTo thought by some geologists to mive been deposited by ascendipjj^ 
thermal waters, although other tfuthoritios hold that oven here 
the tin is maiAly pnoumatolytic. The tin is maj/ly present as 
cassitorite* but Aome«of the ores are said to contaift complex 
nilphides such as 

Stannito (tin pyrites). . . . Cu 2 S.F 0 S.SnS 2 . 

IHn appears again in Mexico, but ores of a more normal char- 
acter are found in Alaska ^ ; thcs(‘ occur in groison, and are associ- 
ated as usual with compounds of fluorine and boron. Placer- deposits 
derived from the original lodes are also present. 

On the other side of the Pacific, some tip.- ore is found in Chhia, 
Burma, and Siam, but far more important deposits oficur in the 
Malay States (especially Perak and Selangor), Siam, and in the 
islands of Banka and Billiton (Dutch fndios). Hero the tin-ores 
are associated with lodes, some of which cut granite, but others 
are found in limestone ; some geologist^ regard the tin-oro in 
the limestone as having been fleposited from ascending thermal 
waters, rather than as due to pneu mate )ly tic action. Derived from 
the tin lodes, a rich series of stannifca)us alluvial deposits occur in 
the various river valleys ; until recently those alluvial deposits 
constituted the only important source of the tin-or®, although the 
lodes are now also worked. Tungsten occurs in considerable 
quantities in some of these ores. Tin-ores are also found in Queens- 
land, Now South Wales, and Tasmania. 

Outside the JPacific Circle, tfio most characteristic ores of tin 
are the tin- veins connected with the granite intrusions of Cornwall, 
England, which have already been referred to. Hero also we find 
the conversion of ^granite into greisen and tourmaline-granite. 
Tungsten is present* in many of the ores. 

Tin-ores also exist in Nigeria and in* South Africa. 

Metallurgy and Uses 

* In view of what has been stated in the preceding section, it is 
not surprising that the average tin-ore — as mined — contains only 
a comparatively small amount of cassitefite (perhaps 1-6 per cent.) 
dispersed throughout a large apiAunt of material, most of which is 
worthless, although minej-als containftig certaifl other valuable 
metals — such as tungsten — also* occur in the same ores. It is 

• 1 A. J. Collier, Min, J. 76 (1903), 999.* * • 

R. Rumbold, Trarut. Amer, Inst.*Min. Eng. 37 (1906), 879; W. B, 
Middleton, Trans. Inst. Min. Met. 2| (lOl^rl^)* 300. * 
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necessary to« subject the crude ^ore to a c<j»ntjiftrati^n process, 
firsts in order Jo elirAinato the jimin part of the worthless matter, 
secondly to sopaKato tin \ind tungsttm from one another. 
Afterwards tlm tin concontratt^ *18 subjected to tlie true motalhu*- 
gicaj process ;^inco tin is an easily reducible nu'tal, the metallurgy 
proper is jfctually a simpler problem than the prAiminafy drossiiog 
^of the ores. Finally the crude metallic tin is refined. 

There is an obvious advant^igo in conducting the concentration 'i 
at the i^laco where the ore oecurs, so as to avoid the transport of 
the vast mass of worthless matter. And since the reduction process 
is sufficiently simple to be capable of being liarried on e\'en in a 
comparatively undevelo})ed regimi, the metallurgy also is often 
conducted on tlui spot. For instance, the ore found in the Straits 
Settlemeiil^ and Malay f^tyiiusula is largely snuited in those regions, 
an important smelting centre being Piilo Brani, an island near 
(Singapore.^ On f he other»hand, there is a considerable tin-smelting 
industry in several of the more highly- developed countries, depend- 
ing on or(‘s or concentrates ()l)taincd from overseas. The British 
tin industry, which originally gv%\v up owing to the existence of 
the Cornisli tin-ores, now depends largely on eoncenirates from 
Bolivia 2 ; a number of mines in Cornwall were still producing in 
1020 ,® but the mining industry has since come almost to a stand- 
still.^ 

Concentration of Tin Ores. Tlu^ first stage of the concen- 
tration usually depends on the fact that eassiterito is much heavier 
than the quartz and other siliceous material with which it occurs. 
Where lode oro—as opposed to stream-tin ” — is being used, it 
must first be reduced to small size, by Tn(^ans of*st<i,mps or rolls. 
The orusiied orc^ is caiTi(‘d by a stream of water to the Wilfley 
tables, whore the heavy particles of cassiterit,e are caught behind 
riffles whilst the lighter gangue particles o.re* washed over them. 
These tables, however, •tail to retain the smaller particles of 
eassiterito, and usually the more finely-crushed pfirtucts f't'the * 
Of^ are treated separately on a “ van nor. V 
Where — as is usually the case in the Malay Beiiinsuia — the 
main ore is of the nature of a placer-deposit, stamping is unneces- 
sary, and the gravel is “ Y^shed ” like gold-graf^el ; ti.o suspension 
of “ dirt ” and w'ater is passed^ through a series of sluice-boxes. 
The heavy cassj^orite gc^ caught *bchind the tiffles of the sluice- 
boxes and is thus recoveied. ^ ' 'j 

, o 

1 J. McKiilop and T. F. Ellis, Prci. Inat. Civ. Eng, 125*(1896), 145. 

• Miu. Eng: World, 42 (1915), m. ’ • 

^J. Soc, Chem. hid. 39 (1920), 207r. , » 

*8ee B. Sc(ftfc, Min. Ind.^0 (19^1), 6/6. 

I • 
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But, altlft)ugll ^afity Boparatign succ^ds in remoring the light 

silicate-minerals, it leaves the tiiwtone mixfed with other heavy 
minerals present in the ore ; t hdo include wolfram, whicl^ is 
value as a so ur^ of fnngsfftn . Ir^n^yritea-J Li]3.j3ift^^ 
such as mispickM (FeAsSh Sometimes copper mine^ls, like coppjer 
pyrites (ChFeS^ may* be present in small quantities. The sepafa- 
.yqn.of tl^s6 materials from tl^tin concentrates, depends xip the , 
fact that they ar^Iigh^OjMinagneyc , or at least bec ^e magneti c 
oirnro astTh gr whereas t he tin stone is practicallx. i iommagn^ ic. 
TE^oncentrates aroHrat roasted ; muTtipfe-hearth muffle roasters 
are used at one American works, ^ oil being used as fuel, whilst in 




Section 

f 

23. — ^Wotherill Magnetic Separator. 


works under British management roasting in revolving ‘'cylinders 
is generally preferred. During the roasting process, most of the 
sulphur and arsenic* arc eliminated as oxide, and the latter can 
bo recovered in a suitable condensing plant ; mo^pf thn jLmn 4g 
mnV rted to tlm magne tio oxide (re 304 ). Th e roasted Ore is fe n 
^eateej in ^ magnetic separator ; one of the j>atternr^ toigned^y 
^StoiUJsuch as have been referred to in connection with the 
ores of tupgsten and thorium) jg jcomm only u sed for tjn.ocn s (see 
Fig. 23). * The ore (s fed at H onto XtiSVelT^ ; the belt 

carries it first below a comparatively weak magnet M^, which, 
however, is able tb li^) thj highly magnetic iroi> oxide from the 
travelling belt, and to keep it preased^jagainst the under-side of the 
belt B which is running at right-fngles ; Jbhus the iron is removed. 

A second magnfct, Mj, considerably stronjer, Ls able ‘to lift thfe 

# » • • 

1 K H. Vea\*En^ Min. J. 10^ {1916), 927. • 

• • 
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slightly magiietic wolfrant, whiicji is removeci by the kelt C, col- 
lect^ separately as*a “ tungs^n concentrate, and sent to the* 
tungsten works ; the non-ma|netic cassiterite remains on the 
original belt, and falls off at D.« The tin-concentrate obtained by 
this — or simiAr^ — ore-dressing process is known as '' black tin/ * 

Itf may cfl ixtaH? ^5-90 per -cent , of pure tin^xidfc (S nC^), tliat js, 
aj ^ut 5Q~70 per ^cc^ ofjnot allic t in. 

Smelting. The crude tin oxide (“ black tin ”) obtained by # 
concentration is next smelted to the metallic state, by heating 
with carbon— usually in a reverberatory furnace. Since there is 
ajway ^Ji ttle siliceous matter left i n the (;on e . t i n i j u. f ph , if ffiinr>ra l ly 
necessary to add fluxin g matojials such l inm and fluorspar^ and 
a little slag will accordingly be formed. The amount of slag pro- 
duced shojild, howevei^ be kept as low as possible ; for whether 
the slag be siliceous or basic in character, it will certainly act as a 
solvent for tin oxide, whi#h is an amphoteric substance, lacing dis- 
solved by siliceous slags as tin silicatt? and by calcareous slags as 
calcium stannatc. However carefully the composition of the slag 
is adjusted, the slag almost im ari^bly contains tin, and is generally 
treated in a subsequent operation for the recovery of this metal. 

The type of rcyeijimit<»r^Jufmcoji&cd.ia tji^ ia shn\^ 
in Fig. 24. ~l7if rjTT^)urns on th(> grate G. and t h^llamc^i^assing 
q\erJimJmiJjridg(? B, are jleflected on to_t hc_charge ^phmcSGipoi^ 
the jmarth.-H.* In a typical furnace the dimensions oflhe hearth 
may be 10 -20 ft. in length, and 8-12 ft. in width. ^ But some 
modern American furnaces are considerably longer (88 ft.) — a 
feature which is, of course, characteristic of American metallurgical 
design. 2 • 

O-^'he, charge con-sists of cassiterite concentrate (“black tin”), 
coal (sometimes charcoal), and often miscellaneous tin dross or 
similar tin-bearing material which accumulal<?s in the subsequent 
refining of tin, and in oth^ industrial processes ; 
such as lime and fluorspai; . arc added— as already ex}aaiue(V up • 
small quantiti es The charge is shovelled on to tlie hearth, througli 
a door, C, in the side, and is spread out, the fire being dampecl down 
during the charging. Then the damj)er is opened, and tne tem- 
peratm’e raised until the charge melts and thj) tin onde becomes 
reduced to the metallic state by the coal. The charge Is rabbled 
from time to tii^e. After some hoars, the tin a^d slag have separ- 
ated into two layers ; they may be nir^ out ^separately,, or, alterna- 
tively, they are run out l;oJ^etfier into a settler ^here they are 
allowed t(^ separate. -Tfie tin i^ sent to the reQncry ; the sla^ 

•Compare W. H. Jacobson, lnd» {N^ York) 20 (1922), 166. 

* R. H Vrfll. Kim. Min.J. 101 a916f. 927. 
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which oftei coi#tainf|5 per cent, of tin, 48 aft&ward% Smelted with 
iron or anthracitS in a reverberatory furnactf—nsually at a r§»ther 
higher temperature —for the recovery of the met^l ; limestone 
sometimes added as a flux. *• 

Although thff reverberatory furnace is most comrrl)nly employed 
for tin-SDMilting hi Ei^fopo, blast-furnaces are in ufe*e at Banca,*afid 
in primitive works under Chinese management throughout the 
Malay Peninsula. Water-jacketed blast-furnaces are used in 
America. The blast-furnace gives a higher temperature than the 




Fia. 24. — Kovcrbemtoiy Furnace *for Tin smell iiig. 


reverberatory furnace .and* is likely to cause the reduction of iron 
and other *impurities to the metallic state, thus tending to produce 
a very imjpure tin ; how'ever, where, as at Banca, the ores are very 
pime, or when?— aij, in America — the m^tal is intended for subse- 
quent electrolytic refining, this objection is not fatal. The employ - 
ment J)f the b lag^ mnace involves ^ c ertain ^oss of tin by 
volatilization. ' ^ 


Hectrothervnal smelting-processes W tin have found their advo- 
cates,^ althougl\the use of so expensive a method of heating woujd 


* See Met, et A^iages, 7 (1914), No. 10, p. 
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seem diflficult^to justify foi«the fejiuction of su^n a (iDa(l% reducible 
met^l. The exporinfbnts made on this subject are, however, of 
^nterest as sho\fing that, in B])ife of the high temperature usually 
associated with the electric fuMlace, Joss of tin by volatilization 
and by passaje into the s ] ags can be made smaH .* 

"Refining, fiven tin produced in the I'ovm’beralbory fiUnaco will, 
^of course, be contaminated with other metals present in the con- 
centrates ; the main impurity is irgi}» but ars ^c, sulphur, aiuL ^ 
tungsten arc often present . Much of the iron and tungsten can 
b ^removed by ** liquati on.’* This can be carried out in several 
ways, but the principle is always the same. The crude tin may l)o 
introduced into a gently-heated reverberatory furnace, provided 
with a sloping ht'arth ; the tin melts, and runs away, but a more 
infusible ipaterial is k^t^behind. This is essentially an alloy of 
iron and tin often containing sulphur, arsenic, and tungsten. It 
ean'be melted by fuiilie* raising the temperature, and sepai^tes 
on cooling into two layers, th(i upper layer being impure tin, and 
the lower being a material called “ hardhead consisting of ‘iron, 
tin, and nrseHic.^ • • , ' 

The liquated tin is still not pure, and is fuidher treated by poling, 
that is, by jilunging poles of wood below the surface of the molten 
metal contained in a pot. Jt should be noticed that the poling 
of tin is an oxUUzlny process, not a reducing process like the poling 
of copper ; the evolution of gas(*s sinqily serves to agitate th(5 
metal, shooting up globuk's into the air^ and thus bringing the tin 
into contact with f>.\ygen ; iron, tungsten, and bismuth are oxidized 
and collected as a “ scoria ” on th^^ surface, which can be removed. 
Other and more rational means of agitating the Ikpiid in order to 
oxidize tjie impurities have been used. In America, an agitation 
by corapri‘ssed air has been employed, whilst at Pulo Brani a cer- 
tain amount of purification is said to be obtained by ladling the 
molten tin from one kettle to another, each ladle-full being poured 
from a considerable height (4 ft.), so that the moltiJii ■ etal ^lls 
in a thin stream into the kettle, and i^i thus brought into cciitact 
with the air. 

After these refining processes, the tin is generally pure enough 
for most purposes ; it is allowed to stand for some P'n so as to 
allow the heavier survivjfig impurities to settle, and is iadled out 
into moulds. The tin obtained fjom the upper portions is the 
purest. ^ ^ 

Some ores, especially thos<# of* Bolivia, yield a tin which is very 
* *? 

0 ^ For expfcrimente on tile elimination of iron and arstinic from hardiioai 
by b^Bsemerization, see D. M. Le^ y and D. Ewen, Trans. Inst, Min. M^t. 18 
(1909), 4G6. • - 
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difficult tof)urify by /thermal metj^ods, aftd the electrolytic refin* 
inil of tin has b^en started on an industrial* scale in New J^ey. 
The problem is rendered difficult dwing to J:hc fact*that the dep(^ 
of tin obtained on the cathode by the electrolysis of an ordinary 
tin salt solution is usually of an incoherent dendiAtic crystalline 
character.* How'bver, , baths containing the tin as fiuo-borate, Ado- 
silicate, or sulphate — rendered distinctly acid and treated with a 
colloid such as gelatine or peptone — appear to give fair results* 
In th(i New Jersey plant, a Auo-silicate bath containing glue as 
an addition agent was used at Arst, but sulphuric acid was added 
to precipitate the lead which was always present in the crude 
anode material. Later it was found possible to replace the Auo- 
silicate bath by a bath of tin sulphate ; the addition agents are 
understood to bo glue and phenol-sulpliomc acid. ^ ^ 

Uses of Tin. The main applications of tin depend upon the 
resistance of the metal towards corrosioJi. In moderately pure air, 
tin retains its brightness indcAnitely. The air of towns, which 
usually contains sulphur dioxide and sometimes hydrogen chloride, 
may causo—it is true — a disi?oloration * of a tin surface; but 
there is no real corrosion. 

Tinfoil has l)(‘en used largely for^ the pacjking of perishable 
materials, although aluminium foil is tending to displace it for 
this purpose, A much larger ])roportion of tin is used for (ioating 
less resistant metals, such as iron, lead, and copper. * Copper vessels 
are often tinned internally, copper wire for (‘lectrieal purposes is 
often proteclt'd with a layer of tin, whilst lead piping is sometimes 
covered with tin. But far moiw imjmrtant is the employment of 
tin for coating ^nild steel in the production of tin-plate. 

Tin-plate 

r 

'^l^he production of tin-plate is one of .the most important indus- 
tries in South Wales and Monmouthshire, whilst large amounts 
are made in the United States, Germany, and other countries. 
Tin-pkitc consists of t?hin sheets of low-carbon steel covered ^ith 
af very thin Aim of tin. It is almost alw'ays manufactured by 
dipping tkc steel sheets into molten tin. If the tin layer extends 
completely over the iron surface, the fusting and pitting of the 
latter Qietal is comj)letely prevented ; but, if, owing to the presence 
of dust-particles on the ircyi surface at*the time Vhen it is dipped 
into the molten tin, pinholes are ieftiin the tin layer,* the tendency 
to rust at these points is actuall|'^ increased by the presence of the 
• • • • * ^ 

* G. F. Kem, Trans. Amer. EhctrocJtevn. Soc, 33 (1918), 165 ; 38 (i920), 
143, 164. * • 
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more noble ^netal. ‘In this rollpect, as has ®xpl|,ined more 
than once, “ finning V.is actually*lnferior to “ ziilhing,” as a moans 
of preventing the corrosion of tlft) iron. But, for this very reason, 
ffiAned iron is pormissibfe for tho^eanning of fruit and meat l)ocau8e, 
if any solutioi^ of metal by the acid in tlie fruit does occm*, it mil 
ba t^o iioi^-poiilbnoiis iron, and not the poigonoiis tin, a^hich will 
pass into solution ; while the use of zinc -covered iron would have 
•fatal results. Other important uses of tin-plate vessels include the 
storagti of })ctrol, biscuits, conftHitionery, and tobacco. 

The sheets to be tinned are usually made by the hot-rolling of 
bars of steel containing about 0-1 ptT cent, of carbon. By pro- 
gressive rolling, the thickness is gradually reduced until it is only 
about iJo io. 'Hie sheets are then pickled in dilute sulphuric 
acid to remove the oxidj-scale, “ size ” or dextrin being sometimes 
added to tfu* acid, to restrain its attack on the metal below the 
scale. 1 They are then annealed, rolled cold to give smoothness 
and polish, and annealed a second time. Afterwards they are 
pickled a second time to render the surface free from iron oxide, 
and, after washing, arO( ready for tinning. 

The baths ol liquid tin, contained in open tanks, arc kept 
molten by a small fire behnv ; very little fuel is needed to keep 
the metal licpiid owing to tht low melting-point. Whore the plates 
pa.^s into the bath the simface of the molten metal is covered with 
a 1.1 ver of fusc^ zinc chloride, to ])rev(‘nt the formation of a scum 
of tin oxide ; each plate, uj)on entering the bath, is caught mechani- 
cally upon a revolving dium which turns it over, and guides it 
through the tin and finally passes it out of the bath. Where the 
sheets emerge from tln^ bath, they pass through a layer of palm 
oil, Ol- hydrogenized cotton-seed oil,- and a pair of rolls removes 
excess 'of tin. Each sheet passes meclianically through about 
four of these baths, and is then taken out, and dusted by being 
passed between felt rollers.'* 

One of the problems of the maker of tin-plate is the sa- .'sfaetpry 
working up of the “ dross ” or “ tin scruff ’* which collects on the 
surfACO of the molten tin. This contains chlorides of tir; and zinc, 
besides palm oil and its decomposition products, and much metallic 
tin. It is skimmed off, and is periodically treated for th' rect)very 
of tin. Much of the tin,Qwhich is already in •the metaUic state, 
can be obtained by “ liquation ” in a furnace, but a large ^mount 
passes away as ihi volatile chloride.* If the gasdb from the furnace 
are passed through depositing |ow®rs, a great deal of tin is deposit^ 
as oxide in them. The gases sl^uld pass through* wash- towers, 

H. if. Bafley, Chemistr^ and IndvMry, 42 (1923), 364. * 

* W D. CoUins and W. F. Clarl®, J. Ind. Ohem. 12 (1920), 

»T. L. BaUejl J. Soc. Chenst, Ind.^37 (iftlS), USt. 

M*C.— VOL. I,Y. - 
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in which free li^drochloric acM is absorbed by water, before 
they are discharged into the atiJiosphere. .*• 

The character of the protective layer existing on tin-plat4 is a 
little uncertain. Many authoritips consider that alloying of fflb 
tin and iron occurs, and ascribe to this fact the remarkably good 
adhesion, of the* tin l^yer to the underlying metal. Spmo nticro- 
sections have, however, been published, which would seem to show 
that the passage from the protective layer of tin to the steel is 
usually an abrupt one, although it is found that an intermediate 
layer appears if the immersion of the iron in the tin has been 
prolonged. ^ 

Wet Tinning Processes. The immersion of metal in molten 
tin is, essentially, such a simple operation that for most purposes 
there is no formidable rival to that method of tin-plating. "In 
the immersion of small manufactured articles of brass and iron, 
such as “ hooks and eyes,” obvious dilHculties will arise, however. 
Objects of this kind are often plated with tin electrically. 

The articles are made the cathodes of the plating cell ; they 
are usually placed in tinned sicyes vnmei^ed in a HPhition of a tin 
salt, and largo anodes of pure tin are hung above them. An E.M.F. 
is applied, and tin is dissolved at the anode and deposited on the 
articles, which are turned over occasionally. As in the analogous 
case of silver-plating, the concentration of tin should be maintained 
by the dissolution of the anode. If, however, the 'current density 
at the anode once becomes too high there is a danger that the tin 
will become passive, and the ciuront commences to cause, instead 
of the dissolution of the metai, an evolution of oxygen. On this 
account the elactrolytic deposition of tin needs constant care. 

Much work has been devoted to the investigation of different 
solutions with a view to obtaining a bath which will give a really 
good deposit. No?ie of the baths appear to be ideal ; the solutions 
generally contain either ammonium oxalate, sodium phosphate, or 
sodium tartrate in addition to stannous chloride. No doubt com- 
plex anions containing tin are produced, a state of affairs which is 
favotlrabio to the production of a smooth deposit of the metal, 
Just as, in silver-plating, the best deposits are obtained from a 
complex cyanide bath. One additional advantage of the presence 
of tartrates is that they prevent the precipitation of stannic acid 
through hydrolysis. But, if a tin deposit of any thickness is 
required, difficulty is- likely to be met^'with owifig to the tendency 
of tin to form a dendritic crystalline deposit— a tendency common 
to all soft metals. It is stated that by the addition of certain 
coUoids— -notably peptone — to a plating bath containing amiqonidm 
1 L. Mayer, Stahl u. Eisen,. 38 (1918), 96C, 
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tin oxalate, grood smooth depositjcan be obia.ned. -Another bath 
which is said to give 'good rcsu|ts contains phenol-sulphonio acid.^ 
, Tin -recovery from Tin-plate Scrap. In the manufacture of 
biscuit-tins, meat-cans, and similar articles, a great quantity of 
cuttings and shavings of tin-plate arc produced, which may repre- 
sent an amount of tin worth recovering. It might also bo expected 
^that, in view of the high price of tin, the disused tins which are 
obtainable in quantities at the refuse-destructors of all big cities 
would also prove to be an important som-ce of the metal, This, 
however, is not usually the case ; the layer of tin on the iron 
surface is very thin, and the volume occupied by the average 
cannister is very largo in proportion to the surface ; lumce it will 
often come about that a truckload of old tins will not contain 
enough of ^ho valuable 'nr ctal to pay for the haulage to the works 
where the tin would be recovered. 

Tin-plate cuttings are, I.owever, compact, and are produced on 
the spot, and it may often prove profitable to treat them for the 
recovery of the metal. What is needcKl is some chemical reagent 
which will dissolve the tin and leave the iron unattacked ; most 
reagents, e.g. acids, attack the iron preferentially, owing to its 
more reactive character. On the other hand, certain alkaline 
liquors, such as a boiling solution of .sodium hydroxide and sodium 
nitrate, attack tin with great avidity, but leave the iron in the 
passive condifion. The solution produced deposits crystals of 
sodium stannate on cooling. The stannate is redissolved and the 
solution is precipitated with sodium bicarbonate, giving stanriic 
oxide— -which is used in the enamel industry. This process is 
used on a largo scale in America.^ 

It is found that if tin-plate is (‘xposed to dry chlorine, the tin 
on the surface is attacked before the iron layer below. 'J’Ik* Gold- 
schmidt process,^ based upon the oxtrc^ciion of tin by dry 
chlorine gas, is worked on a largo scale at Essen, and elsewhere. 
The ^rap is cleaned, carefully dried, and packed in baskf Is, p^ > ed 
in closed vessels, and treated with chlomne gas until the jiressure 
becomes constant, which is a sign that all the tin has been attacked. 
The gas is then drawn out by aspiration, and comes out cHarged 
with the vapour of stamiic chloride ; the stanmc chh/ride is con- 
densed and is generally sent to the silk mills for use in the weighting 

1 F. C. Mathers n id B. W. ClDckruin, 5’mr: v Ar^er. ^kclrochem. Soc. 29 
{1916), 405, 411, (Compare F. C. Mathers and W. H. Bell, Trans. Arntr. 
Electrochem. Soc. 38 (1920), 135. , 

»W. Lange, Zeitsch. MeiaUHinde, 13 (1921), 272. 

*3 See Act. t'hem. Eng. 17 rf917), 187 ; L. Hackapill, Chit^, et Ind. 2 (1919), 
1161. • , • 

* K. Goldsclimidt, Stahl u. E^sm, 28 (1908), 191^9. 



;44 MfTALSfAND METAl^C COMPOUNDS ' 

® ^ • t* 

f silk, whilst life iron left behinc^is washed and is thgft sufficiently 
reo from tin to ta used at the stgel-works f6r steel-making. ^ 

Various attempts have been made at different times to recover 
ho tin electrolytically. In most of these processes, the tin-scrap, 
►acked in baskets, is made the anode of an electrilytic cell, the 
ntention *l)eing to disfiolve the tin at the anode alid to- deposit it 
m the cathode. Those electrolytic proces8(‘s in which an ^cid 
►ath was used were fore-doomed to failure, since in the presence 
if acid the iron is attjmked in preference to the tin. Processes 
ising an alkaline solution have given better results. The method 
vas used for a time in Oermany, hut was abandoned as being 
norc costly of operation than the chlorine method described above ; 
noreover it was found that the tin upon tlu; anode was liable to 
)ecome passive. Since that time, electrolytic detinning lias been 
unployed at Birmingham (England), and at several works in 
Italy. In Italy it is said to have givenjbidtcr satisfaction than the 
ihlorine jirocess.^ 

Technically Important Compounds. Certain tin salts such 
18 stannous chloride, stannic chloride, ancl sodium^ vStannate, have 
proved useful in dyeing jis “ mordants ” ; at one time ammonium 
stannic chloride (“pink salt”) was largely employed. Tin salts 
arc also used considerably in the “ weightiiig ” of silk. The silk 
is treated lirst in a solution of stannic chloride or of pink salt, and 
then in a bath containing sodium phosphate ; tin phosphate is 
precipitated within the fabric. 

Stannic oxide has a high refractive index and is largely used in 
the ceramic industry as an of.acituu* in the preparation of non- 
transparent glflzes, and also in the pre])aration oi enamel for 
coating iron-ware. 


Y)^oys of Tin 

A very considerable proportion of the 'tin manufactured is devoted 
to' the making of alloys; the copper-tin alloys (bronzes) have 
alrea/ly ^een discussed, but the alloys of tin with lead, and the 
.alloys of tin with small amounts of antimony and copper, remain 
to bo ccvisidered. 

Tin -lead Alloys. Pig. 25 showj?- the probable equilibrium 
diagram of tin-lead alloys.^^ Most of the alloys have a lower 

« 1 Met. Chem. Eng. 10 ( 19 / 2 ), 202, 

* This is founded on the diagram of Wi Rosenhain and P. A. Tucker, Phil. 
Trane. 209 [A] (1908), 89, but siinjilifiod by the later work of D. Mazzotto, 
Int. Zeitsch. Met 1 (1911), 289, and of N. Parraiano and A. Scfcrtec’oi, QaanUa, 
6{f (1920), i, 83. , later workers regard the thermal change lound by 

Rosenhain and Tucker at 149*' C. to be du^ simply to suparsaturation of the 
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melting-point than either metalpand an alloy with aRout 37 per 
cent, of load ai)d 63 per cent, tin has the lowest melting-point 
c/ all, consisting entirely of a eutectic ; alloys with more lead 
contain — in a state of equilibrium — crystals of stanniferous lead 
embedded in the eutectic, whilst those with less lead have crystals 
of /learly fiuro tin embedded in tlui t^ut('ctie. 

, In some cases, the employment of these alloys depends on thejr 
ready fusibility. The common solder used by plumbers and others 
for making junctions between metals contains (>6 per cent, of lead, 
although some varieties of solder have less. Other easily fusible 
alloys of tin and lead are used in electrical fuses. Pewter may 
contain 15 per cent, of lead ; in spite of its low melting-])oint, it 
is sudiciently hard to be wonderfully durable, and can tak(^ a good 



polish ; most of the pewter used for pewter table utensils contains, 
however, some third element, e.g. antimony, as a “ hardener.” 
Pewter articles used for food should not contain more tlcui 18 per 
cent, of lead, owing to the danger of iead-j)oi8oiung. 

Alloys of Tin with small Amounts of Antimony anJ Capper. 
The alloy known as Britannia MetaP consists of tin with about 
5-9 per cent, of antimony and 1-3 per cent, of copper ; both copper 
and antimony render the metal harder, and if the alloy is intended 
for casting, they may be present iij rather larj^er amount ihan if 
the alloy is to be rolled or^spun. The casting alloy may contain 

crystals of stanniferous load with tin. The solubility of thi in solid lead 
decrease* wi^ the tempa»»viire, and ' when the alloys jare cooled below^ 
C.. the Bupersaturation becomes so great that the cxcoas of tin suddj^nly 
separa^, causing a marked evolution of he^t. • 

IF. C. Thompson and F. Or.ne, Met, 2^ (1919), 203. 
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small amoiAts <5l Jcad in order toenake /ke m^tal moft fluid. The 
alloy has many valuable proportifs, being liard enough to with- 
stand wear and yet malleable epough to he rolled, cold or ho^, 
without difficulty. Britannia incfal is largely usedifor domestic 
utensils, such as, tea-pots, mugs, and the like, aHhough to some 
extent it fias been disj)laced by German silver. * , 

The structure of Britannia metal shows a white constituent,, 
embedded in a dark ground- mass. The nature of each constituent 
is uncertain ; Thompson and Orme have made a suggestion, which 
may provisionally be acce])ted, that the white constituent is a 
solid solution of tin and antimony, and the dark ground-mass is a 
copper- tin eutectic. 

If the copper and antimony b(*- increased somewhat, the structure 
of the alloy change's eonsidiTably. Fig. F the frontis|^iece shows 
an alloy containing 4 per cent, of copper and 0 per cent, of anti- 
mony. The nunarkable white crystals ''of eiubic form^ consist of 
an inter-metallic compound (probably Hb 8 n), whilst the long white 
needles contain tin and copper (being possjbly CugSn). These are 
both hard materials, but they t**o in a soft matrix, consisting 
mainly of tin, which is yellowish in freshly-polished alloys, but 
darkens on etching with alcoholic ijitric or hydrochloric acid. 
The cubic outline of the inter-metallic compound SbSn is often 
remarkably perfect, but if the alloy is hammered the cubes some- 
times show cracks .2 The cubes are considerably lighter than the 
matrix in which they are embedded, and, unless care is taken with 
the casting of an alloy containing tin and antimony, nearly all the 
cubes will be found at the top dl the solidified metal. This is less 
likely to happefi, however, if the alloy contains copper, because 
the heavy needle-shaped crystals of the compound CU 3 S 14 entangle 
the cuboids of SbSn, and prevent them from rising to the surface.® 
Such alloys (Babbitt metals) are mainly used as bearing 
materials.^ A typical bearing metal edmtains 9 per cent, of anti- 
mcTny and 4 per cent, of copper, but the content of copper varies 
considerably in different white metals ” used for this purpose. 
TJie British Admiralty specify for the bearings of marine engines 
an alloy with 2 to 7 per cent, of copper and 8 to 9 per cent, of 
antimony!® Alloys of this character aje found by experience to 

^ For 'further infontation rogordiitg those white cuboida ,800 Metallographist» 
lj(1898), 197; W. Roinflors, 'Zeitsch. Anorg. Chem, 25 (1900), 113; K. S. 
WillianiH, Zeitsch. Anorg. Chem. 55 (F907h 12. 

* H. E. Fry &iid W. Rosenhain, Inst. Met. 22 (1919), 217. 

♦ * Compare W. Ramsay, J. Inst. Met. 22 (1919), 234. n * 

< B. H. Jarvis, Meek. World, 68 (192(y, 63 ; P. W. Priestley, M^^, Ind, 
(New York) 19 (1921), 66' . 

* Sir 0. Goodwin, J. I>\st. M^et. 22Ji919), 224. 
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reduce frioticfn at the boattngs a minimuia, liSost %^arioties of 
boar-ng metal contain a little If ad (up to 3 per cent.), and in the 
cheaper varieties the tin is largely replaced by the less expensive 
metal. Some authorities state that these “ Ujad-hasc alloys,'' which 
were of necessitv used largely during the war owing to the shortage 
of, tin, hat'e actually proved more satisfaciory than tne tin-rich 
. materials. ^ 

It is a matter of some interest to inquire why these particular 
white metals should bo more successful as “ anti-friction materials 
than other alloys. It is found that materials which are suitable 
for use as bearing metals contain both hard and soft constituents. 
In Babbitt metal, wo have the hard cuboids of vSbSn and the hard 
ra^-like crystals of CuaSn, set in a soft plastic matrix (the tin-rich 
ground-mess). The hafd grains are supposed to give the necessary 
resistance to wear, but the fact that they are sot in a yielding 
matrix allows a certain amount of accommodation at any point 
where the opposing surfaces come too close together and press 
upon one another. It is noteworthy that another class of alloys 
which have })r)vcd valuable as bf iring metals, the plastic bronzes, 
also consist of a hard and a soft constituent (see page 72) ; but 
hero the soft constituent (lead) appears to bo dispersed through 
the hard constituent, whilst, in the white bearing metals, the hard 
constituent is distributed through the soft matrix. 

Anotjier suggestion has recently boon made regarding the special 
value of alloys containing hard and soft materials. It is absolutely 
essential that a continuous film of oil should bo maintained all 
round the bearing ; if the oil-fiim is interrupted at any point, 
seizing is likely to occur. It is considered that, on the surface of 
a mater rJ like Babbitt metal, “ the hard constituents stand up 
in slight relief, the softer matrix thus forming nunlerous evenly 
distributed channels, which maintain the oil by capillarity.” * It 
seems possible that the value of the interfacial tension between 
an alloy and lubricating oil may bo of significance in determi ang 
the, merit of a given alloy as a bearing material.^ 

• 

1 E. T. Keoiian, Mech. World, 71 (1922), 189. 

* A. H. Mundoy, C. C. Bissott, andJ. Cartland, J. Inst. Met 2S(1922) 142. 

* Compare the views of W. B. Hardy and J. K. ,Hardy, Phil. Mag. 38 
(1919), 32 ; W. B. Hardy, PhU. Mag. 40 (1920), 201 j J. Soc. Chem. Ind. 38 
(1919). 7t. 
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LEAD ^ 

Atoiric weight . . . 207*20 


The Metal 

Load, the remaining metal of Group IVb, is considerably heavier 
than tin, the specific gravity being 11*3. It is also softer than 
tin, but molts at a higher temperature, namely, 327° C. ; the fused 
metal has a slightly greater density than the solid metal, so that 
lead expands when it solidifies. At ordinary temperatures, pure 
lead is so pliable that it can bo moulded into shape* by gentle 
pressure between the fingers, but traces of ceitain impurities render 
it much harder, f^cad is malleable enftugh to bo rolled in foil ; 
lead wire can bo produced, but is lacking in strength. 

A freshly-cut section of lead shows a J)rilliant silvery lustre, 
which soon dulls to a dark gre^ when exposed tc*) ordinary air. 
The “ load tree ” obtained by precipitation of a lead acetate solu- 
tion with metallic zinc is a wonderfpl growth of long leaf-like 
crystals of shining load. The same tendency to fo|m dendritic 
crystal-growths is displayed when a layer of molten lead is allowed 
to solidify in a shallow dish.^ Under favourable circum>itanco8, 
however, it is possible to obtain octahedra by the crystallization of 
fused lead.^ This fact — together with the study of the etching 
figures produced on a section of lead by certain corrosive agents — 
serves to indicate that lead crystallizes in the cubic system. X-ray 
analysis has proved that the atoms are arranged on a fac^-oontred 
cubic space-lattice.‘‘ 

Lead stands on the reactive side of hydrogen in the Potential 
Series, but the difference betw'cen the normal electrode potentials 
of tiie two elements is very small (0*13 volts) and lead does not 
readily displace hydrogen from dilute acid solutions. Concentrated 
hydroclioric acid causes an evolution of hydrogen, w'hich increases 
when the acid is heated, owing to the reduction of “ overpotcntial.” 
Dilute hydrochloric ,and sulphuric acids t^re almost without action, 
but when’ lead is brought into contact with platinum black in 
1*3N hydrochloric (icid, tiny hydrogen Rubbles rii^e from the point 
ofgcontact. * 

One factor which is unfavourable to the dissolution of lead in 

1 J. C. W. Humfrey, Phil Trans. 200 fA] (1903), 22^. 

« F. Stolba, J'. lYiR Chem. 96dl866), 180. 

•L. Vegard, Phil 32.(1916)>,66. 
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dilute hydrochloric and silphur^ acids is tlisT corilpar*tivo insolu- 
bility of the chloride and sulpjjate of the metaS, which may load 
t ^9 the formation of protective films on the surface of the lead. 

Lead is readily attacked by mtric acid, the soluble load nitrate 
being formed ; the gases evolved include nitrous oxide, as well as 
the highei* oxidbs of nitrogen.' The solvent action of hot concon- 
^ trated sulphuric acid is appreciable, although very small ; this 
question, which is of practical imjmrtance, is considered in the 
technical section. 

Acetic acid only vcay slowly attacks lead at ordinary tempera- 
tures, but tlu5 rate of attack is immensely increased if hydrogen 
peroxide is present, as that rwigent acts as an oxidizing do- 
polarizcr.2 

Lead is practically um+tacked by dry air ; in an ordinary damp 
atmosphere, as already stated, the bright surface of the freshly-cut 
metal soon b('comcs tarni -.hed owing to the formation of a dark- 
coloured oxidizc'd layer, which, however, protects the metal from 
further oxidation. Lambert and (killis ‘ have shown that the 
darkening is niueh less rapid in the case of lead which is perfectly 
pure and uniform. Umd which has binm purified by distillation 
m vacuo, and which has b(cn allowed to become physically homo- 
geneous by jireservation in vacuo for a year, can be exposed to air 
for some days before losing its metallii; lustre. 

The siieciaMy pure, homogeneous lead pr(q)ared by Lambert is 
only very slowly oxidized by water containing oxygen. But 
ordinary “ pure ” lead, although practically unattacked by air-free 
water, is more quickly acted upeji by water containing oxygon, a 
dark brown oxide and a w^hitish hydroxide being produced. In 
the presence of dissolved carbon dioxide in the watiir, a film of 
insoluble carbonate is formed. Under c(;rtain circumstances, this 
substance prevents further oxidation of the metal ; but clearly 
if there is also a reagimt present in the water which can cause 
a partial solvent action upon the protective film, (u ev( n .a 
peptizing action, the attack of the metal ;vill continue, and gradually 
an appreciable quantity of lead will jiass into solution.- TlTis is a 
matter of very groat practical importance, and wall bo coiisidered 
further in the technical section. 

Laboratory Preparation. The metal may be prepared from 
a solution of a lead salt by the action of zinc, or^t may bo deposited 
upon a cathode by electrolysis. The tree o*btained can be melted 

» G. Q. Higley, Arner. Chcr.%. J. 17 (J895), 23. 

0. r. Wfitta and N. D.^Whipple, Trans. Amet, BlectrocHem. Soc. 32 (1917), 
267. • ‘ • 

* B. Lambert%nd H. E. Culjis, Tr^ns. Cftcm. Noc. 107 (1915), 210. 
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down undo# a ^tabje flux (e.g. ^tassiKim cjramdo)ffo^ yield the 
compact metal. I * ^ \ 

To obtain pure load from the impure n\ptal, it should be dig^- 
solvod in acetic a(Sd, and roprocipitated as sulphate. ,Tho sulphate 
can be convortdd to carbonate by the action of ammonium car- 
bonate, anH the load carbonate can be reduced fo mcAallic lead 
by fusion with potassium cyanide.^ 

, If lead of extraordinary purity is needed, Lambert’s method of 
distillation in vacuo is available, quartz apparatus being used ; 
the original paper, which has already been referred to above, 
should be consulted for details. 


Alleged Allotropy of Lead. Ordinary pure lead when kept 
in contact with a load salt solution undergoes (attain changes 
which have' been interpreted as being allcTtropic transformations. 
Not only do small changes in density occur, ^ such as are mot -with 
in other soft metals (tin, thallium, caflmium and zinc), but in 
certain cases the whole appearance of the lead alters. For instance, 
pure lead immersed in a concentrated solution of lead acetate 
containing nitric acid loses its mtilleability, and bcccfhies converted 
to a grey variety which can readily bo rubbed to powder between 
the fingers ; in fact it sometimes criirpblos spontaneously. Some 
samples of compact lead immersed in acidified load nitrate actually 
3deld a load “ tree ” similar to that obtained by the immersion of zinc 
in the same solution ; the compact lead behaves as though- it were 
a metal different from the crystalline lead forming the tree, being 
apparently more reactive than the latter. This would seem — at 
first sight — to afford considerable support for the theory of 
allotropy. * 

Closer investigations suggest, however, that the production of 
the tree is due to another cause."* It only occurs under conditions 
where, as a result of corrosion, a layer of basic salts appears over 
parts of the lead surface ; in such a st^e of affairs diffusion ■will 
be ^low between the liquid within the channels threading the layer 
and the main body of the* solution outside. Below the layeir— in 
cqntact wAh the metallic lead — ^tho solution will come to contain 
load nitrit^ ; the external solution, on the other hand, contains 
lead nitrate. Since, the concentration o{ lead ions (Pb") is much 
greater in a nitrate solution tha^ in a nitrite solution, a concen- 
tration *cell will be- set up, an^ lead will pass ’‘into solution con- 

• f * 

^ An elaborate method of obtaining Iea<f quite free from other metals is 
described by J. S. Stas, Bull. Aoad. ^elg. 10 CS^O), 295. t 

‘ »E. Cohen andV. D. Helderman, Proc. Amst. Acad. 17 (fdl4), 822.* 

» A. Heller, Zcitsch. Phyit Ghpn. 89 (1615), 761. * 

*A. Thiel, Ber. 53 (1^0), 1052, 1(^6; 54 (1921), 27531 
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tinuously tKAiolith the lajer of phasic salts, ••whilAi atl the places 
wheTe no basic ^salts ’ exist, loadfvill be dopositeci in dendritic form. 

* The crumbling of lord foil in a solution containing nitrates and 
free acid is probably duo to piefereiitial attack ^ipon the lead at 
the boundaries^ hot woon tho crystal grains. The corrosive liquid 
eajjs its wfty into the lead between the griins, wliioh •finally fall 
, apart. The phenomenon is probably compara])Io to tho “season- 
cracking ” of brass. A specimen of load consisting of a single largo, 
crystal docs not show this crumbling effect. If the explanatidiis of 
the tree-production and crumbling just suggested are correct, there 
is no reason to suppose that any allotropic change is involved. 

Careful measurements of tho potential difference of lead against 
a Jead nitrate solution show — it is true — that tho potential is dis- 
tinctly alt«ared by immov^’on in concentrated lead acetate containing 
nitric acid.^ But tho lead actually becomes more “active,” 
whereas if it were converted to a more stable allotrope it would 
become more “ noble.” The slight activation caused by treatment 
with this highly acid solution is not without a parallel among the 
other metals, whi(di generally become more active (or less pjissivc) 
when troat(Hi with acids. In the opinion of tho present writer, 
there is no evidence of tlic existence of all(>tropes of load at low 
temperatures. 


, Compounds 

There are two main series of lead compounds, corresponding to 
the stamiouH and stannic compounds of tin ; they may bo regarded 
as derived respectively from tho two oxides, and PbOa- As 
usual y^ith elements of high atomic weight, it is tho lower type of 
salt that is best developed, all tho stable salts of load belonging 
to the “ plumbous ” series. Even in tho case of tin it was noticed 
that the stannic compounds were very easily hydrolysed, and, on 
passing to load, we find that the plumbic salts are so (j^iick!-'" 4®' 
composed by water that their formation in aiiueous solution is 
very difficult ; in fact, only a few of the diTivativc:^ ui tetra valent 
lead have been prepared under any conditions. Both of ihe lead 
oxides are amphoteric, like those of tin, and form compounds 
(plumbites and plumbates) when acted upon by alkalis. It should 
be noticed that whereas basic pioBorties are best developed in tho 
lower oxide, tho acidic pi^perties arc most marked in the higher 
oxide — a very common 8tat'> oi affairs met with in many metals 
(e.g. ohromium). Thu^ the plumbates are better developed than 
tke plumCites. ^ 

Getmaa, /, Amef. Chem, Soc^iO ( 1918 ), 611 . 
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A few uintabre conpounds, in ;which ffoad appea^sHo^ be mono- 
valent, have also been shown to fxist, ^ 

A. Compounds Divalent Lead (Plumbous Compounds'). 

Plumbous o^ide, PbO, is formed when molten lead'is oxppsod 
to the air. The colour of the oxide varies considerately, i^d, brown, 
yellow, and yellow-green forms having been described; the 
^variation of colom may be partly due to the size and porosity of 
the particles, ^ but the rod and yellow varieties seem to bo distinct 
crystalline forms. ^ If the temperature be only just high enough 
to fuse the metal, a yellowish powdery form (nutssicot) in produced; 
but if it bo sufliciently high to melt the oxide also, a more com- 
pact mass, of a pink-yellow colour, known as litharge, is obtained- 
The hydrated oxide (j)robably not a definite hydroxide •’) v? prepared 
iisawhito precipitate when ammonia or a caustic alkali is added to 
a load salt solution. The precipitate disAiolves in excess of caustic 
alkali, a soluble “ plumbite ” being ?io doubt formed ; but the 
solution readily hydrolyses, lead hydroxide being repreeipitated ; 
the plumbites are scarcely knovyn imtho solid stats. 

The plumbous salts are prepared wlum lead oxide is dissolved 
in acids ; they are also formed when oxidizing acids dissolve 
metallic lead, or when otlu'V acids act on the metal in tlu^ presence 
of air, or hydrogen peroxide. They are mostly heavy white; bodies, 
and on the whole resemble the cornssponding barium compounds in 
their solubility relations ; but, in forming an insoluble coloured 
iodide, lead displays a similarity to thallium and mercury, which 
fall beside it in the periodic tabla. The ])lumbous salts also show 
a general analog} to the stannous salts, but hydrolyse much less 
easily ; they can be isolated without difficulty in the sol’d state 
by crystallization. 

Of the mhble plumbous salts, the nitrate and acetate are the 
most important. The nitrate PblNOjla is most easily produced by 
dissolving the metal in nitric acid ; the acetate PblCgHjOgla-SHgO, 
is best prepared by the action of acetic acid on the hydrated oxide 
or carbbnate. When solutions of the nitrate or acetate are boiled 
with load oxide, the oxide is dissolved, forming basic salts, which 
are soluble In hot water, but which crystallize out when the solution 
is cooled. ‘ 

Tile i?isoluble salts can be prepared by prccfyjitation with the 
co^esponding sodium salts. These include the sulphate, a heavy 
white precipitate formed when a sblublo sulphate or sulphuric acid 
is added to a lead salt solution,'’ The pi'ocipitation is ^ot quite 

^S. Glasatone, Trans. Qhetn. Soc. 119 (1921), 1689, 1914. 

“ M. C. Apploboy and R. D.'Reid, Tramj^flhem. Soc 12i (1922), 2129. 

’ Compare S. Ciasatono, Terms. Chem. Soc. 121 (1922), 68. 
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complete orflinary^ cirAimstances, since Ijad ^ulphate is 

appreciably soluble ki water ; il? however, afcolfol is added to the 
liquid, the solubility is diminished, and practically the whole of the 
lead passes out of solution. I^ead sulphate is ^uite soluble in a 
concentrated solution of ammonium acetate*. 

Hie lea4 haMdes are also comparatively insoiuble j^odies, and 
aifj obtained on adding the chloride, bromide or iodide of pottussiura, 

* to a solution of lead nitrate or acetate. The chloride and bromide 
are white, the iodide yellow ; iis in the case of the silver salts, the* 
chlorhte is the most and the iodide the Icjist soluble. All are very 
much more soluble in hot tlian in cokl water, and, on boiling any of 
the j)recipitatefi with excess of water, they give clear solutions, 
which, however, redeposit the salts in a minute crystalline form 
wlicn cook'd again, '(^he iodide obtained by recrystallization in 
this way forms minute golden flakes, whii'h have a characteristic 
silky aijpearance when stirred up with water and held in the 
sunlight ; the silky a}))K*arance is due to the fact that the water, 
moving past the crystals, turns them so that the longer axes of all 
the crystals ][K)int in ihe same direedion, namely, the direction of 
the water e.miLnts. 

The sulphide, PbS, is a black jireeijiitate insoluble to dilute 
acids ; it is produced when hydrogen sulphide gas is bubbled through 
a lead salt solution. It differs from tin sulphide in lieing insoluble 
ill yellow an>monium sulphide. 

Tlie Addition of sodium phosphate to a lead solution causes a 
white prccipiUito with lead phosphate. The precipitate formed 
when sodium carbonate is added to a soluble load salt consists 
mainly of a basic carbonate ; but the normal carbonate is jiroduced 
if carbon dioxide is the precipitant. 

B. Compounds of Tetravalent Lead (Plumbic Compounds). 

Plumbic oxide {Imd j^eroxida), PbO^, is obtained by the action 
of an oxidizing agent, such as hyilrogi'ii ])eroxide, oi. a solution 
of a lead salt in the presence of alkali ; it can be pnqiaied j/.ue by 
adding hydrogen peroxide to a solution (d lead nitrr.V) in* 20 per 
cent, sodium hydroxide.^ It is also readily obtained by the anc dic 
oxidation of the metal. When a sheet of kuid is mad'', the anode 
to a dilute sulphiuic acid solution, it be/Come}» covered first with a 
layer of white insoluble plumbous sulxihate ; upon continuation of 
the electrolysis,'' ciiis compound of dimlent^letM is oxidized further 
and forms the brown peroxide^ PbOa, no doubt in the hydrated 
form^ The layer of percpdde, when once produced, protects the load 
Tfroqj further anodic attack, and the current is afterwards expended 
« > V. Zotier, J5u«. Soc. Ckim,*2\ (1917), 244. 
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almost entirely ^pon^the evolution ht o^jygen f but(i^tl^ perosride 
is scraped off as it is formed, nfore metal will be oxidized, and 
finally, the greater part of the nfetal can be concerted into* the 
form of the higher oxide. Lead pe/‘oxide is*a brown powder, whilfh 
evolves oxygen* when strongly heated, plumbous oxide being left 
behind, ijb evert loses oxygen on exposure to tke sunlight in 
this case the intermediate red oxide (Pb304) is produced. It i& a 
strong oxidizing agent, and is employed as such in organic chemistry. ' 


* Plumbic Salts. Lead peroxide is evidently nearly insoluble 
in dilute sulphuric acid, since otherwise it could not be prepared 
by the electrolytic method mentioned above. There is no doubt, 
however, that a certain small amount of solution does take place, 
and that the sulphuric acid used always comes to contain a lit^e 
plumbic sulphate, Pb(S04)2. By el(;ctrolysis of concentrated 
sulphuric acid, in a divided cell fitted with a lead anode, solid 
plumbic sulphate can actually be obtained from the anode compart- 
ment. ^ A cooling arrangement must bo provided to keep the liquid 
in the anode compartment below 30 ° C., otherwise lead peroxide 
is produced by the hydrolytic^ deivompotiition of# the plumbic 
sulphate. Plumbic sulphate is a white substance, usually with a 
tinge of greenish yellow. The solution in strong sulphuric acid is 
distinctly greenish yellow. If; placed \n pure water, it is at once 
hydrolysed to lead peroxide and sulphuric acid. 

If lead peroxide is heated with sulphuric acid, oxygbn is evolved, 
and plumbous sulphate produced ; plumbic sulphate cannot, 
therefore, bo made in that way. Again, when lead peroxide is 
treated with concentrated hydroQliloric acid, it dissolves, forming a 
yellow or brown solution, which no doubt contains plumbic chloride 
(PbCl4) ; but any attempt to obtain this chloride by evaporation 
fails, for the solution at once evolves chlorine on being heated, 
and plumbous chloride is left. If, however, ammonium chloride 
bo added to the solution, the yellow doujfie salt 2NH4Cl.PbCl4 or 
(Ntf^ilaPbCle, which is not very soluble, crystallizes out. When 
this salt is cautiously addec^. to concentrated sulphuric acid ke^t at 
a low 'temperature, pure plumbic chloride, PbCl4, is produced, 
as' a heavy yellow, fuming liquid, resembling stannic chloride. 
With a small quantity of water it combines, forming a crystalline 
hydrate ; 'but, if treated with excess of water, it suffers hydrolysis, 
giving lead peroxide and hydropMoric acid. 

One other plumbic eompbund that ibust bo mentioned is the 
acetate, Pb(C,H30a)4. This is tbo /instable to be produced in 
aqueous solutions. When, however, warm glacial acetic acid actj 
oh tljie red oxide PbjO*, a solution^ is obtained, which deposits 
^ K. KIbs and F. Fisclio/; Zcitach. El^rochm^fl (1900), 343. 

' 'V 
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plumbic in Colourl^s dirystak on coolSig. -.The crystals are 

aecomposed by water into pluirfbic oxide, PBo^ and acetic acid.^ 

Plumbates.^ Lead peroxide is insoluble in dilute alkalis, but 
(fissolves in^ boiling concentrated potassium hydroxide. The 
solution obtained can be concentrated further by allowing it to 
tAand ovw st^ng sulphuric acid and wjll then deposit white 
crystals of potassium plunibate Ko[Pb(OH) 6 ], isomorphous with 
* K2[Sn(OH) o] and K2[Pt(()H) J. The solution cannot be evaporated 
by boiling, since it then deposits lead peroxide by liydrolysia.* 
SodiiflfP plumbate can bo prepared most easily by the anodic 
oxidation of ii solution of lead hydroxide in sodium hydroxide, using 
a platinum anode ; the plumbate crystallizes out from the solution 
without evaporation.^ 

Attention may be cj^l^^d at this point to the recurrence of the 
co-ordination number six in the plumbtites, and also in the complex 
chlorides, such as (NH4)2(J^bCle], which were mentioned above. 

C. Intermediate Oxides of Lead. 

Besides the, two ox Wes, JdiO and PbOg, which correspond to 
definite scries of compounds, intermediates oxides, Pb204 and 
PbaOa, are known. 

Red lead, Pb304, is obufined by roasting in air at a dull red heat 
the unfused powdery form of plumbous oxide (massicot), or lead 
carbonate ; 'Auder the pressure of oxygen occurring in the atmos- 
phere, In additional quantity of oxygen is absorbed, and the product 
finally comes to have a composition corresponding roughly — 
although often not exactly ■* -- to^ the formula Pb^()4 ; it may bo 
remembered that other intermediate* oxides ((* g, those of molyb- 
denun^jiave also a variable composition. Red lead can be produced 
in a wet way by heating lead nitrate with 50 per cent, sodium 
hydroxide at 150 - 100 '' C.® The colour varit's with the method of 
preparation ; when prepar'd from massicot, it is a bright red powder. 

Chemical ly, red lead befiaves as though it were a loose e^ - 1 1 bin c Jiqn * 
of plumboiLs and plumbic oxides; for instniice. dilute acids 
decohipose it, forming a plumbous salt which j)ass,« the 
solution, and Iwiving brown lead peroxide undissolvcd. l^ossiWy 
red lead is really a “ plumbous plumbaU*,” 2 PbO.PbO^ combina- 
tion of the basic oxide llbO, and the acidic o^'cide PbO^. 

^ A. Colson, Cony^^^'iiend, 126 (1903),1}70^> A. Hutoiiinaon and W. Pollard, 
Trans. Chem. Soc. 69 (1890), 212. * ,, 

■ I. Bellucci and N. Parravanoj Anory. Chem. 50 {190C), 101, 107. 

* G. Grube, Zeitsch. Electrochem. 2^.(1922), 273. * 

0 * Foi^dotidls of method^ ot obtaining pure PbjOi soe J. Milbauer, Ghen\ 
Zeit. as (1914), 477, 659, 666, 687. 

‘ V. Zotier, Soc. Chim. 2i (1917), 346. ' 
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Red lead dissolves* in glacial aceAc aoid, gi^ng ji jjojhtion with 
strong oxiSizing properties, froifi which ammonia reprocipitates 
another oxide, PbaOa ; this can bfe regarded as another plum'bous 
plum bate PbO.PbOa, less basic tljan red lead. The same oxiiffe, 
which is yellow .when wet, but brownish when dry, may t>o prepared 
when an iilkalino solution of plumbous oxide jri.e. agi alMino 
plumbite) is oxidized *in the cold with bromine.^ If the proper 
conditions are observed the product corresponds closely to the 
formula PbjjOg, but some of the methods yield products of which 
the composition is distinctly variable. 


D. Compounds of Monovalent Lead. 

The possibility of the existence in aqiu^ous solution of sajts 
containing lead in the monovalent conditv)" has been dejnonstrated 
in more than one way. If a hot solution of lead acetate is made 
to pass over metallic; lead, it is found tot'Iissolve traces of lead, but 
deposits most of the metal in spongy form when cooled, provided 
that a piece of lead is added as a nucleus. ^ This would api)ear to 
indicate that a small amount of, lead*- sub-acetate isi formed at the 
high(;r temperature;, but decomposes on cooling owing to the shift- 
ing of the equilibri\im poipt of balanced reaction, 

Pb -I- Pb(0,H,02), r:^2Pb(CJl,Oo). 

The case is, of course, perfectly analogous to the^ formation of 
cu})rous sulphate by the dissolution of copper in cupric .‘Sulphate. 

The existence of monovalent lead is also indicated by the anodic 
behaviour of lead in certain solutions. In many solutions 
(potiissium hydrogen tartrate, fiydrosilicifluoric acid, etc.) a lead 
anode is attacked! electrolytk^ally at a rate which indicates quantita- 
tive dissolution in the divalent state ; but in a solution 'dP sodium 
acetate or sodium^ thiosidphate, the anodic current efficiency 
calculated on that assumption appears to exceed 100 per cent., 
and such a state of affairs would seeffi to indicate that lead is 
passing into solution to some extent as monovalent ions.^ 

Th^ sufitoxide, Pb^Q, can bo prepared by heating lead oxalate ir 
a« vessel which is kept evacuated by means of a Sprengel pump.^ 
The heating should be commenced at 270°-275° C., and the pressure 
kept bol(nv 5 cm. of mercury, since otheewiso the carbon monoxide 
produced may reduce the suboxide to metallic lead ; towards the 

/S. Glasatone, Tmns. KJhem.^ Soc. 121 (19^2), 1456. ' 

* H. Q. Denham and A. J. Allinand, 'Tracis, Chem. Soc. 93 (1908), 424. The 

type of continuous-circulation appan^tus needed to show the dissolution anc 
redeposition of lead concluaively is described iil this paper. , • 

»N. M. Bell, Tram* Faraday Soc. 11 (1915-16), 79. t. 

* H, G. Denham, Trans! Ghvn. Soc, I'll (1917), 29. „ 
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enc, oi innpro|Dss, when the p^ssure ha/ 8un& newly to zero, the 
temperature can be ^‘aisedUo 33i^ C. or even® higher. * 

The suboxCdfe is a dark p<>\vftor. When treated with aqueous 
a^ids, it docs not yield the corresponding salts, but a mixture of 
metallic lead And the ordinary plumbous salte. Hq,wever, the salts 
of monovalent }pad can be prepared by heating tiic sub^xide with 
appropriate organic (‘sters, the method beftng analogous to that 
• used in preparing solid cuj^rous sulphate. Tims, by heating lead 
suboxido in the vapom of ethyl chloride (CgHjjCl) or of- ethyl' 
brom^^e, (CaHgBr), the greyish subchloride, PbCl, and sub- 
bromide, PbBr, can bo obtained.^ Hiniilarly the dark grey 
sub -sulphate, Pb28()4, is obtained by the action of methyl sulphate 
on the suboxide, whilst the bluish-grey sub-acetate, P^CaHgOa), 
isprepared by heating the sub-oxide with acetic anhydride.- Those 
salts are ch‘compos(‘d by ''acids into metallic lead, and the corres- 
ponding normal (plumbous) salt. 

When fused lead is addikl in small quantities to fused plumbous 
chloride, a meUillie “ fog ” consisting of particles of lead of colloidal 
size suspended in the im^^ten salt can be obtained. A similar “ fog ” 
is obtained by H..lding potassium cyanide to the fused lead chloride. 
The solid crystals of lead chloride formed on cooling the fused mass 
are dark, but should not be.regard(id as being a sub-chloride, since 
])articlea of metallic lead can be detected in them by jneans of the 
ultra- microscope.^ It is, in fact, somewhat (exceptional to find a 
crystal *)f lead chloride — prepared by fusion- - quite free from fog, 
unless the chloride is specially treated in tlu^ molten stiito with 
gaseous chloriiut and hydrogen chloride. 

E. Miscellaneous Compounds. 

Lead Hydride. 'Phe very unstable hydride of lead is of special 
interest, since evidence for its existence was first obtained by 
Paneth and Norring by a radioactive meth(jd.'^ Tlu^so experi- 
menters exposed magnesium powder to thorium omana on, until 
it was covered with a deposit of thorium Ji and (J, and then kejft 
it in .a desiccator for half an houi*, so as to eisure th(‘ dis,^peirance 
of any adsorbed emanation ; after this interval, the magnosi im w§a 
dissolved in hydrochloric acid and the hydrogen produced vvaa passed 
through a cotton-wool filter into a heated glass i-ube and ^vas found 
to give a radioactive deposit upon the ghiss. The study of the 

V'-" • • 

^ H. G. Denham, Trann. Ch$t%. Soc. 113 ( (918), €49. 

* H. G. Denham, Trans. Chem. >Soo. 115 (1919), 109. 

* R. Lorenz and W. Eitel, Zeit^h. Anorg. Chern. 91 (1916)f 46. 

* F. Ran^h and O. Ndig’ing, Bcr, 53 (1920), 169:i. also F. Paneth, 

R&r. 51 (1918), 1710; F. Paneth, M. Matthiee, and E. Sclimidt-HebbeL Ref. 
55 (1^2), 776. • 

M.O.— -VOL. fv. 
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radioactivity of thi& dej^osit, whic% was preiint fc top* small an 
amount fo^ chemicaf tests, indicated thf^t it cQptainedf' both thoriuJn 
B and thorium C. Since these ^bodies are not volatile in the 
elementary state, it is fairly certain that they must have passed 
over as volatile hydrides. But thorium B and tnorium C are 
respcctivejy isotopic with lead and bismuth ; and,fif it bo admitted 
that the two radioaiicivc elements have volatile hydrides, it^ is 
fairly certain that ordinary lead and bismuth will also have volatile 
hydrides, although, in the case of the non-radioactivo elements, 
the detection of those hydrides may be more difficulty When, 
however, the existence of the hydride of the radioactive isotope 
of lead wixs once rendered fairly certain, Pancth and Nbrring were 
encouraged to make extended experiments to isolate the hydride 
of ordinary lead. They finally succeeded in showing its existence 
in the hydrogen given off when dilute subffiuric acid was dectrolysed 
in a special apparatus provided with a thin lead rod as cathode ; 
this cathode was surrounded by a sleev^ so that the lead was only 
in contact with the acid at the tip of the rod. A very high E.M.F. 
(220 volts) was applied and the apparatus was arranged so that 
sparking occurred at the cathodic The hydrogen evolved deposited 
a visible amount of lead when passed through a heated glass tube, 
showing that the gas must contain a ^cad hydride. 

Organic Derivatives of Lead. Like other members of the 
group of (dements containing (carbon, the lead atom haw a remarkable 
power of attaching itself to hydrocarbon grou])s. Thus ihany of 
the organic bodies, which were noticed in the case of germanium 
and tin, lind their counterpart among the compounds of tetravalont 
lead. Of these Jead tetra -methyl, Pb(('Hj 4 , a volatile liquid 
produced by the action of methyl iodide on a lead-sodium alloy, 
may be cited as an examplt^ ; its formation may be expressed thus : 

Pb -f 4 OH 3 I + 4Na - Pb(CH 3)4 -|- 4NaI. 


Analytical 

, Lead is a metal quite easy to reduce by heating with carbon in 
the reducing flame of the blowpipe, and the bead of the molten 
metal obtained is gradually converted by heating in the oxidizing 
flame to the yellowish oxide. * 

In aqueous solution, there are variovs featltrL,.; in the behaviour 
oT lead salts which serve to distiriguish them from those of other 
metals. Tho‘White precipitate of sulphate, obtained when sulphuric 
<M 5 id is added to a load solution, is met with in the case Df iVo other 
metals except barium .and^ strontium. The precipitate obtained 
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with liydi’ ;>chl^jric 4cid dissolves in hot water, ^nd go may bo 
distinguished trom most othv'r insdJublo chlorides (hilver or mercurous 
chlorides) ; the yellow precipitate obtained by adding potassium 
iodide is also characteristic, although silver and tliallous salts give 
a yellow iodide under the same conditions. 

Tile quantitative separation from most other nudals (hipcnds on 
its* precipitation by sulphuric acid as lead sulphat(‘. In order to 
•render the precipitation comjileto an (‘(pial volume of alcohol is 
added, a?id the hot solution is allowed to stand for some' time. 
The |K ipitate is then filtered of! and washed with a mixture of 
alcohol and water. It should be dried at 100 , and transferred 

as far as possible to a weighed crucibles. Tlu; liltiT-pajier, to which 
a little lead sulphate always adhiTes, may b(^ burnt on th(i eruciblo 
lid ; during this burning the l(‘ad is usually partly reduced to the 
metallic stdte, but may b(^ reconverted to sulphate by the action 
of concentrated sulj»huric acid. Beforii weighing, the sulphate 
should b(‘ completely dried by moderate lu'ating of the crucible, 
but it must not be heated so strongly that it becomes converted 
to oxide. 

Besides the chumation of lead as sulphate, th(^ metal is sometimes 
priHupitated and weighed as sulphide, or in exceptional cases as 
iodide. ^rh(‘S(' nu'thods could b(‘ employed in th(‘. j)r(\senc(^ of other 
metals, like? barium, which have soluble sulphati‘s. 

J.('ad is alsq conveniently estimated as tlu* peroxide, obtained 
electrol^^ically. When a hot lead salt solution containing plenty 
of free nitric acid is electrolysed at a high anodic curnuit density, 
the whole of tlu' l<‘ad is jirecipitatc'd as peroxidi* on a ])latiniim 
(mode. The prescnei* of most other metals, which eri n^t d(‘posited 
upon the anode, does not interfere with the (Estimation (jf the h'ad 
in this way. Hut m.ingan(‘S(‘. and thallium, if presi-nt, which might 
also b(? precipitat(‘d on the positive electrode, must be separated 
before the (‘lectrolysis. Unfortunately tlu? h'ad jK-ro.xide is always 
produced in a hydrated condition, and the vater is not co.nphiely 
driven off even A\hen the? chictrode is heated to20(J°U. However* 
the small amount of water retained und(?r*certain fixed ' X^'^^nn/mtal 
conditions has been determined empirically and a correcti, 7 n can 
therefore be apjilied. ^ ^ 

It may be mentioned hc.c that compounds ci-ntaining *ead, tin, 
or zinc (three easily fusible imtals) should not be floated in 
platinum vessels, ^.ince thei% would *be a daijgc^f of the formation 
of platinum alloys of thest? metal' , and consequent damage to the 
vessels. • 


* H. Jb S Sand, Trans. Faraday J^on , 5 (1910), 207. 



260 


METALS' AND META^IC COMPOUNQ^y 


<* / Q ?ERRESTRIAIe Occq(feREN<JB ^ ' 

The terrestrial occurrence of lead has already been considered in 
connection with that of zinc, w’th which metal lead occurs in 
intimate association in nature (see page 138). It is only necessary 
here to recall the fact, that the principal ore of leitd is tiie sulphide 

Galena PbS 

which occurs in heavy shining cubes, and often contains silver. 
In the oxidized portions of the zinc -lead ores the mincI¥•^'’ 

Cerussite PbCOj 

and Anglesite PbS 04 

are found, but these are of much less practical importance. , 
Other minerals containing lead such asc ' .i 

Crocoite PbCr 04 

Wulfenite . . . . ' . PbMo 04 

and Vanadinite 3 Pb 3 (V 04 ) 2 .PbCl 2 . 

are much rarer and owe their impprtane:e mainly to the second 
metal which they contain, and not to the h‘ad. 


Metallurgy and Uses ’ 

The preliminary treatment of tlu^ zinc-lead ores <.o give 
(a) a concentrate containing zi7ic, 
and {b) a concentrate containing lead .and silver, 
has already been discussed in the section devoted to zinc. Where 
lead-ore occurs free from zinc, the concentration can be simplified ; 
a rough gravity-separation on jigs and tables generally* sserves to 
remove the greater part of the gangue from the heavy galena. 

It is now neceasary to dascribe the smelting of the lead-silver 
concentrate to yield an argentiferous lertd, and then to indicate the 
'principal methods of “ desilverizing ” the lead, so as to recover as 
mucji as nossible of the prt^cious metal, and leave the lead in a state 
of moderate purity. 

It should be mentioned that even where the load- ore — as found 
in natiu'.e — contains little or no silvar, advantage is sometimes 
taken of the efiiciency of lead ,a8 a “ collector ” of silver, and a 
silver-ore — of a variety which does n|^t con'tain sufficient lead for 

' See H, 0. Hofraon, " Metallurgy* oi Load ” (1918), (McGraw-Hill) ; C. 
Schnabel ancT H. Louis, “ Handb(>ok of Metallurgy ” (Macmillan), 1921 
> edition; W. R.« Ingalls, ‘'Lead Smelting and».Rofining ” {Eif^nBering 
Mining Journal)', F. Collins, "Metallurgy of Lead" (Griffln)c{ J. A. 
Smythe, " Lead " (Pitmail). « ' ^ 
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diJreot smelun'g-^is purposeiy mijwd with it ; thus an a/feentiferoiis 
lead is obtained from which tht precious silver is extracted by a 
subsequent desilverizing process. 

The smeltiiig of load can bo carried out in 

(1) I'hailcM hearths, 

' (2) rovorberatory furpacos, or more commonly in 

• (3) blast-furnaces. 

Since Jead occurs generally in the ore or concentrate as 8ulj)hide, 
the simplest possible mctliod of smelting will consist essentially 
in the burning off of the sulphur. It can be carried out in one 
stage by blowing a hot blast of air over an ore-charge, })laeed on a 
shallow hearth. The reaction as a whole can be written in a very 
simple form, 

PbS 4- 0. - Pb + SO 2. 

Alternatively the smelting can be carried out in a reverberatory 
furnace, in which ease it is customary to conduct the process in 
two separate stages, louring the first or “ rojvsting ” stage, the 
temperature is kept Ix^low the fusion ])oint of the ore-charge, 
and air is admitted to convcirt part of the lead sulphide to oxide 
or to sulphate, 

PbS + 30 =- PbO + SO a 
PbS + 40 - PbS04. 

During the se(!ond, or “ reaction ” stage, a higher temperature is 
used, so as to melt the ^^-harge, and the oxide or sulphate is reduced 
by the excess of lead sulphide to*motallic lead.^ 

2Pb0 + PbS 3Pb -f- SO 2 

PbS04 + PhS - 2Pb -[- 2 SO 2 . 

It is extremely likely that, even when the process is carried out 
on a shallow hearth in one operation, the smelting really t^.'cos place 
in these two separate stages. • 

At the present time most of the world’s suj'ply of lead m obtained 
in the blast-furnace. Before the introduction of the ore into the 
blast-furnace, roasting is necessary, and this is carried out under 
such conditions that the fire ore or concentrate is aggloDiCrated to 
a hard compact lump, suitable for the blast-furnace charge ; fine 
powder is, of co’^i^o, use^s for •blP8t-furna«e smelting. The 
roasted mass, containing most of the lead as* oxide, is then mixed 
with fuel and smelted in a blast-furnace, where the oxide is reduced, 
• • 

^Thejjp are both balanced reactions. For equilibrium conditions, sees W* 
Stahl, Chem. Zeit^39 (1915), 885 ; K. Schenckan^ A. Albers, Zeitsch, Anorg. 
Ohtm, 105 (1918), 145. ^ • 
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lainly })y (jarb/!»nfanCl carbon monoxidp^ — althpiigh, t(!> someextcrft, 
y the surviving lead sulphide- -io metallic lead. ^ ' 

A distinct method of obtaining lead from sulphide ores is by 
eating with sprap-iron, usually in* a reverberatory iurnaco. This 
roeess is rarely 'used as the main method of sme]ting an ore,.bpt 
1 sometiuK's used for \^orking up slaggy residues containing galena. 

Smeltin^ iiLSlml low Hearth^ . The method of hearth-smelting* 
^iwTdeveli^d mainly in Scotland. It was afterwards adopted in 
Lmeri(;a, but became largely superseded by blast-furnace siting ; 
itely there has been a tendency to revive it in an improved form 
the “ mechanicar’ Scotch hearth) in places where rich lead 
oncentrates are available for smelting in (luaetity insufficient for 
conomical blast-furnace treatment.^ ^ 

Fig. 2b shows the (‘ssential scluune of an ore-hearth. ‘ The sump 
^ is filled with molten lead, which is able to overflow down the 

slo})ing plate B into, the lead- 
pot C. U])on the lead in A 
^Hoatsta pile of on^ and fuel 
(coal, charcoal, or even wood) 
and usually a little lime, 
b’pon this charge plays a 
blast of air froin the tuyere 
1). The blasts oxidizes the 
lead sulphide to (/xide (or 
sulphate), which is then re- 
duced to metallic state by 
the undccomposed sulphide, 
or by the fuel, and thus the 
volunu*. of lead in t*he sump 
s increased, and lead overflows into the lead-pot. Every five or 
ben minutes, the workman draws out the lower portion of the 
ch(».rge, which has become sintered to form a hard mass, on to the 
sloping plate, and separates the half -decomposed ore, or “ hrowse,” 
Eron^the^lag, which is removed. The half -decomposed ore then 
put back on to the hearth, and fresh charge is added to make up for 
what has ‘ disappeared. 

The early Scotch and English hearth#uscd to become so hot that 
every Jen hours the working had to bo interrupted, so as to allow 
the hearth to cool.^ I^loderlfi hVarths afe usuafl^ water-cooled, and 
c'an be used continuously. The main disadvantage t)f the hearth 
method of leUd-smelting is the ^lount^of lead carried off^by the 
blast. Formerly this was a source of seriods danger to the workiribn 

1 W. E. Newnam, iliig. Mint J. 106 (l918), 101. Compare A. S. Dwight, 
Enn. Min. J. 102 (19101. 671. • ** 
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eltaployed, bufc 1;he method' of carrying off thv. fum's aA) now very 
much improved by the installation of suction fans. The production 
of fume involves a serious loss of lead, although the development 
of water-cook, d hearths in America has greatly reduced this loss. 
It may he mentioned that in some American worlis tlu^ production 
ofdiime is actually aimed at, the dust being recovered by filtering 
• the gases leaving the hearth in a bag-house. This dust is used 
in the manufacture of lead-pigments — a subj(‘ct which will bo 
consi^^pd later. 

It IS not advisable to use the oro-hearth for lead-ores rich in 
silver, as considerable loss of the precious metal would occur. 

grneltjn^ jq J^yerh^erat^y Furnaces. IbwerbcTatory smelt- 
ing was largely dcveloj)ed in fliis country, notably in Flintshire, 
Shropshire,' and JIcTbyshire, whilst different forms of the ])roces8 
have boon evolved- more or less independently - in Silesia and 
Carinthia. Tlu^ shape and size of the furnace, as well as the 
tcrnperaturci of working, dilTcr considtTably in the various districts, 
but the essential features of a b^ad reverberatory furnace are shown 
in Fig. 27. irii^ principal point Ut which attention should bo called 
is that the licartli-bottom is made to slop(‘ towards an o}>ening in 
the side through which the molten lead can be tapped, a pot P 
fn'ing placed outside the furnace to receive it. 

The ore is ysually charged in through a hopper H. It is roasted 
for two*to six hours by means of hot gases coming from thc^ grate G, 
plenty of air being admitted by the open doors I), B, D in the side. 
During the roasting the ore is frequently turned over. When 
sufficient oxide and sulphate have f)een produced, the floors are shut, 
and the charge is more strongly heated. During this stage the 
sulphide reduces the oxide and sulphate, producing metallic lead, 
which begins to settle into the sump of the hearth. The differenoe 
betw’cen the gravities of lead and the unreduced sulphide is not 
sufficient to produce a very complete Sf^paration into \ > o layers. 
Therefore the separation is often aided by “ stiffening ” the suipnide 
phase with lime. A charge of lime is stirrod into the above 
the sump ; this mixes with the unchanged gahma and si ig, and 
raising the melting-point of the slag makes it pasty, bn^ leaves the 
lead in the fluid conditi(.;i. It then becomes. comparadvcly easy 
for a skilled workman to draw up, with a rabble, the whole of the 
non-metallic maVs bn toothe upjfer part of •the hearth. Upon 
further cautious heating, any nmtallic lead which has been dra\/n 
up with it drains bac.*k into the sui^ip, from which the nnetal may be 
tStppftff ii]^a molten st?lte.\J^ • ^ 

In*Englan(^ it is customary to he^ tie charge rather r£it)idly 
in reverberatory furnacot ; thi'^ make« a high rate of output in 
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proportion ifj t\ii ^iza of the furnace, ajjfi minimized fhrf fuel con 
sumption ; on the other hand, it involves a considerable loss o 
load in the fume. . • 

It is usual in England to commonco the second f‘refiction” 
stage whilst load sulphide is still in considerable excess of thi 
amount req\iire(l for reaction with the sulphate ana oxide present, 
consequently after the reaction stage ‘has yielded all the leac 
possible, the residue is again roasted, and then heated again strongly 
to yield a second quantity of metallic lead. Even after this r^fvitec 




Fig. 27. — Reverberatory Furnace for Load-ainelting. 

treatment the slag left contains unaltered lead sulphide, and is 
sometimes iurther worked up for the ^'ocovery of the residual 
metal. 

In Silesia, a lower temporajtur:) is employed, ‘Awd, the loss of lead 
by^ volatilization is much less. The proems cdmmences with a long 
roast, followed, by alternate short roitsting and reaction periods. 
TJie lead tapped during each reactibn period h collected separately ; 
most »f the silver is concentrated in th,e earlier tappings. A siiailajr 
method is used in Belgium and in Carinthi^ ; the proed^s commonly 
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described tfe fhft “ Opinth^n pr^css,” carridtl oiJl^in wory small 
furnaces, is almost obsolete. ^ 

Blast-furnace Smelting.^ Although the smelting of lead-ores 
in hearths or reverberatory furnaces is suited for, comparatively 
small load^)rodi^^ung districts such as exist in Europe, in those 
regions whore large sup})lies of lead-concotitrates hav(‘ to fic handled 
•the blast-furnace method is*generally preferred. Tlu' greater part 
of the lead produced in the United States is obtaiiu'd in the. blast- i 
furnaiiW.* 

The ore or concentrate is first roasted so as to conv^ert sulphide 
to oxide ; the first ])art of the roa.sting may 1 h‘ conducted in the 
ordinary multiple-h(^arth roaster, or in a reverberatory furnace ; 
bul the roasting must be finished in some form of plant which gives 
a sufficiently high temperature to sinter 
the mass and thus 1o produ(;o a hard, coarse 
product which is suitabU^ l?>r a blast-furnace 
charge. This sintering is often carried out 
in a Dwight-Lloyd plavt, which has already 
been described in connection wit h^t he agglo- 
meration of the finer ores of iron and other 
metals (see Vol. Ill, pag*^ 02) ; in that 
})lant, the fine partly- roasted c!oncent rates 
are mixed wi^i fuel and sintered in a “ down- 
ward ” •draught of air. Another older 
method, known as the Huntingdon - 
Heberlein process, employs an “ updraft ” 
of air to agglomerate the ores. * 

This latter process is conducted in a cir- 
cular irbn pot (Fig. 28) of capacity varying 
fi'om 1 to 15 tons (usually about 8 tons), fitted 
with a perforated plate P as a false bottom, 
pipe enters the pot, thrdUgh w'hich a blast of air can lie forced, 
and when roasting is in operation the pot is surmounted ft 
hood/ H, connected with a pipe through* which the fumeyiroduced 
can bo sucked away to a bag-house or other dust-collecting pTanJ. 
The pot is commonly mounted on trunnions like a converter, so 
that tfie contents can be tipped out at the compljjtion of th^o process. 

In charging the pot, a small amount of coal is, placed on the 
perforated plate, ahU^abov® it, a qifttnfiity of partially roasM ore, 
still hot from the furnace, as a “Jcindling charge.” A gentle blaat 
is then turned on, and the remainder of the pot is filled up with 
purtialfy roasted ore — c^ld and previously moistened with water— .j 

1 Dwight, Eng. Min. J. 102 (1916)^ 67 lu I. A. Palmer, Min.^ng. 
World, 41 (191^, 766. r . a 
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mixed witlt Then the bla^t is ^creasfd aif(Ftrfe reactioti 

commences. The sulphide is oxidi:^hd to oxide, and #he temperajture 
rises high enough to sinter the charge, and cause it to agglomeraipe. 
When the process is complete, the contents of the jlbt arc turned 
out, often coming out almost as a solid block. It bl’oljcn up an4 
is then in suitable state*for charging into the blast furnace. • 
The presence of lime in the charge is* a distinctive featiu'o of the 
Huntiiigdon-Hcberlein process. Several different views have been 
put forward to account for the beneficial effect of tht^ li^VU-r’ The 
iiwentors^ of the pro(!ess considered that it acted as an oxygen- 
carrier, calcium dioxide (CaOj) being alternately formed and 
decomposed, and that the roasting was thus accelerated. Another 
authority^ thinks that calcium plumbate is formed as an intci’- 
mediate product. Numerous other explahations have* been put 
forward.^ The true cause of the action of lime is probably to bo 
ascribed to the fact that the change • 

PbS f 30 ^ Pl)() -h HO, 

is a balanced rcuiction. Any substatce like lime i*v]ii(!h absorbs 
sulphur dioxide will favour the^ (*hange in the “ left to right ” 
direction. It should be noted that wIk'U the or(; is roasted in the 
absence of lime, part of the galena is ifot converted to lead oxide 
but to sulphate, according to the change 
PbS + 40 - PbS()4. 

Since no sulphur dioxide is produced in this alternative change, 
there is no reason to think that the presence of lime will be favour- 
able to it. We should expect, therefore, that the charge roasted 
in the presence of lime would contain more oxide and less sulphate 
than a charge ro^isted, to an equal extent, in the absence cffTimo ; 
analysis htis showji that this is actually the case. 

There is, however,* but little doubt but that the beneficial action 
of the lime is in part that of a diluent, allowing the air access to the 
8uJ|iSiide, and preventing the whole mass from agglomerating before 
the oxidation is compl(^te. • It has been shown that various inert 
substancet^* such as quartz, slag, cinder, or iron-ore, which can 
scarcely pla^y any chemical part in the oxidation, nevertheless act 
beneficially in the roasting of lead ores.t In one method of pot- 
roasting, j^nown as the Carmichael-Bradford process, which has 
attained* some impoi^tance in^Auatralia, qalciuilraujphate (gypsum) 
is j.ised in the place of lime. 

‘ ♦ 

1 T. Huntingdon and F. Heberlein' Eng. Mln.t J. 81 (1906), 

•W. Borchers, Metallurgie, 2 (1905), 1. 

*u. O. Bannister, Tram. Inhst. Min.*M<U. 21 (1911-1^, 346. 

* €J. Guillemain, Eng. ^in. J. 81 (lt906), 4^0. 
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• At ATnftrica!^ work^, atte|ii|)ts have b^Kjn^rrflydo ^ carry out 
the •preliminary roasting in th^ Ihyight-Lloyd plant, followed by 
sifttering in the Hiintifigdon-Heberlein j)l!int, thus dis})enaing with 
' the inulti]>le-fi(‘!irth roasting furnaces altogether. 

,T4io sinj^er^d maK.s~ broken up if necessary into lumps of appro- 
pniate size— is nnxed with cok(‘- arid suitabU fluxes, aiuf is charged 
* into the blast-furnaces. • These are usually rectangular water- 
jacketed furnaces, rather similar to those used in the nudallurgy^ 
of (s»e page 20), but the water-jacketing is not usually 

earned to the top. The average size is about 18 x 4 ft., witli 



an orf!W"olumn about H> ft. high At oru; big Australian works, 
furnaces have been einjfloyed will) a w'orking height of 28 ft. ^ 
The reactions occurring in the liottcT portiois of tlie furnace are 
essentially a rediu^tion of Jead oxide by (turbon or carbon monoxide ; 
but where the charge still contains jnu'on verted lead sm,jhidc, this 
aids in the n'duction of the lead to 1 h(*,motallic state. Of the pro- 
ducts obtained at tlie bottom of the funia.ee tin* lecd j. ditxwn 
off through a “ siphon tap ” ; a certain amount of m U-tc alid 
slag ^ow out into a settler, where they .separate ii'^o ’tw'o layers. 

The gases emerging Iroin the blast-fun faces, roasters and 
Huntingdon- He ber.loin plant (if Inijtalled) are in all modern works 
led through a bag-house So as to catch tho dust. The bag-house 
consists of a large number ofVong cylindrical bags of wool or cotton 
ljung iide^by side (Fig^2a). ThtHength of the ba^s may bo 25 ft., 
whilst the diameter in usual about 20 in. The dusty gase^ are 

H. O. Min. Ind. 28 (’»9i9), 424. 
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passed into^-he ^tori^ of the baggj^ and ^re drawn hj & fdh througlf 
the fabric, thus being filtered free Crom suspended llolids. Inothe 
early bag-houses the area of the bags needed to filter the gases was 
extremely large, because many of the pores in the fabric soon 
became choked'" .with solid particles. Modern bag-houses iir^ 
fitted with devices whei?eby the bags are periodically freed from the 
solid matter which has accumulated. Such devices provide not 
merely for a mechanical shaking of the bags, but also a periodical 
reversal of the pressure, so that the distended bags suddenly collapse, 
drop[)ing the solid matter contained within them into hoppers 
beneath, whence it is discharged. By improvements of this kind, 
it is possible to reduce the bag area needed for filtration very 
considerably.^ For the finer fume, which would not easily bo 
removed by filtration, electrostatic 2 )Pjdpitation has proved 
invaluable. 

In many American works where arsenical ores are treated, the 
dust from the blast-furnaces consists largely of arsenious oxide, 
and is used as a source of arsenic. 

Lead Refining and Desilverization 

The lead produced in any of the processes mentioned above 
contains small amounts of other metals, such as silver, copper, 
arsenic, antimony, iron, zinc, bismuth, and tin ; it usually also 
contains some sulphur. The most valuable impurity is silver — 
which is always present — except in the lead made from non- 
argontiferous ores, such as those of Missouri or Carinthia. In many 
cases, especially v^^hore the lead has been used as a “ collector ” 
of silver from a silver-ore, the silver represents a large fraction of 
the value of the metal. It is therefore necessary to employ some 
method which allows the recovery of the whole of the silver, without 
sacrificing more of the lead than is necessary, and which at the same 
time^ leaves the lead as far as possible free from other impurities 
which are for different rea-sons objectionable. The three main 
proc^«:ses desilverization used are dependent on — 

(1) Extraction of silver by molten zinc (Parke’s process). 

(2) Electrolytic parting (Betts’s process). 

(3) Fractional cr} stallization (Pattin^on’s process, and later 

processes on the same principle). , 

Parkers proepes^ ^ is more largely used than the others, but 
as the method pnly serves to remove silver and gold, and would 

'•Compare H. 0. Hofman, Eng. Min. J. 105 (1918), 93; W. E. Qfbbs,'* 
J. Soc.'Vhem. Ind. 41 (1Q22), 192t. 

» E. gohlippenbach, Met. v- Erz! 15 (1918), Z??. 
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leave the objectioiJable impi^ities in tlftf lead, the latter is first 
Subjected 1:0 ^Mimijiary J^nin^ (“ softening*^”) i/iM r<?verberatory 
furflace. The*lead is slowly nAlted, and some of the impurities — 
Which are only partiahy miscible with molten lead at temperatmes 
a little above the niclting-poinl— rise to the surface as a “ dross ” 
p#nd are s^ininu^ off ; the di'oss usually^consists of oop]^>er, sulphur 
and arsenic, to^ither with a certain afnoUiit of lead. ' When the 
♦ dross has been removed, tlie temperature is raised to a good red 
heat, and air is admitted to the furnace. Under these oxjdizing. 
coiuiifcii^is, ^e easily oxidized im))uritie8 such as tin, arsenic and 
antimony are eliminated, partly as a fume consisting of volatile 
oxides of arsenic and antimony, but largely as scums consisting 
mainly of lead stannate in the early stages ami lead arsenate and 
aTitimoniate in the later stages. These scums are removed and the 
furnace i^ tapped. * * 

The extraction of silver from lead by molten zinc is analogous 
to the extraction of fatl}^ bodies from aqueous solutions by means 
of ether or benzene. Silver is soluble in molten lead, but it is far 
more soluble in molte^i zinc. If molten lead be stirred up with 
molten zinc, iT.e metals do not mix completely, but form separate 
phases, just as do ether and water. At a tcm])erature of 350® C., 
the lead will oidy dissolveil O p(‘r (!ent. of zinc, the rest of the zinc 
remaining as a sc^paratc phase;. If the lead originally contained 
dissolved silver, this silver will distribute itself betw(;en the two 
phasciPin siudi a way that the silver-concentration in the zinc is 
far greater than in the lead. Consequently, even if only a small 
quantity of zinc be stirred into molten argentiferous lead, it will 
take up practuuilly the whole of^lu; silver, togetht;r with any gold 
and platinum present.^ The zinc is ligliter than tlie lead, and 
thereiore forms a layer above it, after the stiiring. If the metal 
be now allowed to cool and the light crust o^ zinc which solidifies 
first and floats on the surfac-c be ladled out, it will be found to 
contain nearly ail the silver ; thi; liquid lead below is co'»'paratively 
free from the precious metal, but now contains some zinc. ^ ^ 

I* order, however, to toxtract the silver., completely two (some- 
times three) successive additions of the solvent zinc "arc* tilually 
made. The total amount of zinc added is about j>er cent, 
of tfie lead. Most of th ; silver is contained in the /me crusts 
skimmed off after the first addition of zinc. 

The various :dnc cru"tij, coiitaim'ziiiie and siiver and a great deal 
of lead, most of which has brought oul mechanically adheiiing 
to the crystals. Owing to tiie comparatively smalUimount of zinc 
containing the silver, ^ would not be entirely fatal to the econoi^y 
* A. Landsberg, Met, u.^En, 15 (1918), 37. 
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of the process if tht; fyfmer metaf were largely sacrificSd in the 
extraction (*f {)roQious element^ In practice, howe<*^ei^ 50-80 p6!r 
cent, of the zinc can be recovered. The usual meth(5d of separa<iion 
of zinc from silver is based upon the volatility of the first-namsd 
metal, the zinc being driven off by distilling the alloy from retorts 
set in a hot furnace. The zine distils over and is 'condensed jn 
adapters, ds in tlie ordbiary smelting of zinc, whilst the silver and 
lead remain behind. 

After the zine has been removed by volatilization, a silver-lead 
alloy remains. This is always treated by “ cupellaf ion that 
is to say, it is exposed, in the molten state, to a strong blast of air, 
which oxidizers the lead to litharge, but leaves the more noble silver 
in the metallic state;. The litharge which flows away molten from 
the h(‘arth has a very a])j)reciabl(; value. 

The furnace usually employed for the ^Ixidation of the; lead is 
a special form e)f small reve'rberatory f urnae'e'. In order to facilitate 
the relining, the hearth is generally made movable, although in the 

80 -ealle;d “ (h;rman ” furnace 
the hevirth itself is lixeel and 
oniy the hood wiiich covers it 
is removable ; oven in Ger- 
many, however, furnaces with 
the hearth (‘ompledely reme)v- 
able are now common. Fig. 
30 shenvs the furTiace pr^deuTcd 
in Kngland and America, along 
with the carriage' use'd in re- 
moving and replacing the; health. The lu'arth is lined with 
marl, magnesite, ' or cement, which is beate'n down so that the 
top has the form of a shallow sau(;(T ; wlu'u fixed in position 
it is charged with the lead-silver alloy to be treated. The 
charge is heated strongly by hot gases coming from the grate G, 
and the molten metal is exposed to the air-blast forced in under 
pressure from the tuyere T placed just above the surface. The 
oxidation of the lead coipmences slowly, but as soon as the formation 
of iilharge lias begun, the latter substance acts as an oxygen-carrier, 
and the formation of further litharge proceeds apace. The litharge 
formed on the surface is blown along Ijy the air-blast froih the 
tuyere, and flowing over the surface of the lead, runs out con- 
tinuously through \ channel in tfie opposite side of the hearth. 
Fi^fally, when the wholb of the lead has been oxidized to litharge, 
and the last pQ»*tion of the oxide scum blears off from the silver, the 
bright surface of the precious metal suddefnly becomes visible, and 
the extraction of the silyer from the lead is complete. The silver — 
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which generally co]^J;ains a trkje of golA - i^ sent to the silver- 
refinory f(^ ‘^rting.” . ^ • 

In some German establishmeVits, it is customary to collect the 
firij portions of the Ktharge, whi(^h usually contain the easily 
oxidizable eleluent antimony, ^‘parately froin the purer material 
obtained ^£‘te‘l^ This antimonious litharge has a k>\ver value for 
th« manufacture of lead pigments thau*the«puixT oxide, but may 
• profitably be smelted to obtain the l(‘ad-antimony alloy known »is 
“ hard-lead.” 

Tl^iesilviirizcd lead obtained from the Parkes pr(K^(‘ss contains 
enougS^inc to render it hard and rather brittU*. It is therefore 
“softened” again, usually by passing steam through the metal, 
which oxidizes and nunoves th(‘ zinc. Th(‘ l^arkc^s ))rocess — 
although the clunipest method of desilverizing lead- hsivc's the lead 
more impure than the* ether two processes. Any bismuth, for 
instance, which may (‘vist in the lead bedore tlu^ desilvt^rization, 
remains in the lead at tho end. It is mainly for the treatment of 
lead containing bismuth that the other two processes of desilv(;riza- 
tion an^ used. 

Betts’s Elecliolytic Process.^/ *J’he Betts method for separat- 
ing lead and silver depends u[)on the dilTerences Ixdwecn the anodic 
behaviour of the two metals. The princi])h‘ is lh(^ same as that 
employed in the electrolytu^ ]>arting of silv(T and gold, but 
dilhoulties w<;r<* (‘xperienced in working out an electrolytic method 
of Icad-^etinifig owing to the fact that from most solutions lead 
is d(‘posited- not as a smooth adlu'nmt coating uj)on the cathode- - 
but as a loose mass of (h ridritic crystals. Jietts solv(*,d the probhun 
by the emjdoyment of a l)y,th*of lead silicifluoride (PbSiF„) 
containing fiee silicifluoric. acid, together with glia^ as a colloid 
addition. Anodes p Lthiiiyjiimhifen)Us lead to bg^j^diiig d are hun g 
in this bat- h. Thin cathodes of pure Icadji^eJumg^f^i^site to them. 
When a moderl iTc Current is passe<]n^ween t he ele ( dr()d SZIiSdJa 
deposited ajjjw'ompact flcposit on t I hj ciULluiihv vdn 1st >. jiin ilar ^ 
quantity of t he sa me m etal iajlisj<olved at t lii^anudu-:. the cUi refft 
effimcncy of the process is^^^lp .hc. sil ^ ^ 

present in the anoHe^aterial is not jij sHolvxd, but ^ 

fl^fffieT tng tc) thFam Th is anode si udgo is p nodical ly 

scraped off ; it will usually contain other impunities of a^“ noble ” 
character, such as arsenic, antimony, bismuth, cjopper, gf)ld and 
selenium. The treatraentfof the dnode sludg# varies in dtlfferent 
places and ai-cording to its ei^ni position. It is sometimes treatwl 
in a reverberatory furnace under^ oxidizing conditions to remove 
the oxidiii^ble arsenic, '^antimony, and the remaming lead; th<* 

- 1 A. G. Butte. MitaUuraie.. b (1«09). 233. • 
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gold-silver 'bullion left ^hind can le parted cjectrolytioflSly to give 
pure silver. . c c ^ # c e « 

The Betts process is worked dn a ^arge scale &t Trail, Bffitish 
Columbia, and also at Newcastle-on-Tyno. The process is particulwly 
successful where the crude lead ebntains bismuth, As the bismuth 
is completely removed from load by the refining rfiefl^od, ayd^is 
found in the anode slimes the bismuth forms an additional valusjble 
by-product. It is stated that it is mainly due to the separation of 
bismuth that the process can compete with the Parkes process. 
Where the anode slimes contain much bismuth, they are sometimes 
cast once more into the form of anodes, and subjected fo further 
electrolytic refining in a cell containing bismuth chloride solution. 
Bismuth is dissolved at the anodes and deposited on the cathodes, 
whilst the anode residues on this occasion consist mainly of silver 
and gold.^ 

Pattinson’s Process. The method which was at one time 
most extensively used for the dosilverization of lead was due to 
Pattinson. It depends upon that fact that when an argentiferous 
lead is molted in a pot, and allowed partially to solidify, the crystal- 
lized portion of load contains lesj silver than that remaining liquid. 
Since the crystallized portions can bo fished out with a porfoiated 
ladle, and separated fairly well fronifthe still molten portions, a 
means is provided of dividing the lead into two factions respec- 
tively rich and poor in silver. Each of these fractions can be 
treated again in the same way, and it is obvious that filially, by 
continued fractional crystallization upon a methodical system, a 
lead practically free from silver can be obtained on the one liand, 
and an alloy comparatively ribh in the precious metal can be 
arrived at on the other. It is not, however, possible to carry the 
silver-content above 2*5 per cent., since this is the composition 
of the lead-silver “ eutectic,” and on allowing a mixture of eutectic 
composition partially to solidify, the solid will necessarily have 
just the same composition as the liquid." But an alloy containing 
2-1)^ per cent, of silver is rich enough for profitable “ cupellation ” ; 
it is roasted in a blast of Jiir, and the more oiddizable lead is con- 
verted to molten litharge whilst the silver remains in the metallic 
state. The litharge produced has a considerable value, and any 
small loss of load involved is of littl© account compared to the 
value of the silver. 

The crude process as suggested abo^i^e involves a great deal oi 
hibour, but mechanical processes upcm the same principle are stil 
used to some extent. In one of these, the mixing of the molter 
lead is carried emt by means of a steam- jeo, and the separiition 
1 A.'T. Ward, Min. Irul. 28 (1919), 66. 
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fcl^ liquid f the crystalHm^ lead is effe^i^ed by di^wyig off the 
f)[>rmer by a tap at the botK m o*^he vessel. In genWal, however, 
bhero has IxH^in a tt‘ndcney for the Pattinson process to be replaced 
by the proet'sses of i^irkes and Beits. 


Uses of Lead 

The general usefulness of lead is due to a variety of eaUBOS. 
Owin^to/vhc •plentiful sup])ly of ore, and th(i (*ase with which tlu^ 
reduction is eff(‘(!t(Ml, it is a eoiu])aratively inexpi^isive inaUTial ; 
in fact, it is —in the nornial stati' of the metal market — the chea[X^Ht 
of all metals, except iron. Furthernum*, as has been pointed out, 
it IS practically unaffected by ex}M)sure to air and water ; sutKT* 
ficial oxidafion certainly does take place at first, but the produces 
of oxidation ])rotect tlie metal from fuidluT attack. It is thcr(‘- 
for(^ miu'h employed in the flat portions of housedoi)s : the rate 
of corrosion is gcaierally slow, but varies, not only with the state 
of the atmosphere, but also with the charactiT of the material 
on which th(‘ lead is laid ^ ; it should not be placed in contact with 
Dement. I.(<‘ad pipes are commonly used for the conveyance] of 
water (‘xcept in case of ])l unbo-solvent waters (.vee b('low). The 
joftness and malleability of lead adds to the value, for lead may be 
Dut and bent y ithout difficulty at the ordinary temperature ; and 
igain pi^es of lead can Ix^ joined together by solder, or by auto- 
genous welding, owing to the low nwlting-point of the metal, 
whereas iron must gcneudly be fa8t<*ned by bolts or rivets. When^ 
i slightly harder and stifb r material may be require ri lead can b(^ 
hardened by dloying with a little arsemic, antimony, or tin. 

Lead IS likewise used largely in the proti'ctive sheathing of 
telegraph and telephone rallies which are to be buried. The metal, 
however, is not altogether immune from attack, and cases oi cor- 
rosion of the sheathing are lx*eoming incn'jisingly comm. ; , mnny 
Df them being due to stray' electric curnuits caused by leakage 
from tramway systems. ^ Sometimes cuVioiu. intergrenui y: erq^^J^s, 
ievelop in the lead sheathing, comparable to those met v itli in 
the season-cracking of brass. They develoj:> especially' .hfue the 
grains of lead have smooth and straight boundaries, sinv ‘ under 
these conditions small stresH(‘H are able to pull the indi\ idual grains 
xpart, either threugh the ^adual' flowing pfHho plastic inter- 
granular cement, or through i^s p^-eferential removal by corrosion.’ 

• ^ (?oiilf)are J. S. S. Bmmo, ./. Soc. Chem. Iml, 37 (T9 1 8), 39'’. 

*<irirou88f, Comptes Rend. 157 (1913), 70"^ 

^ L. ArchlBiift, 'rrans. FaraJay Soc. F7 (?91il), 22. 
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This parting of the grfnns from one another ‘‘naturally^ takes pl^ce 
most reaAlyVwhor^ the lead is^’i^ te]?sion.^ \ 

Special uses of lead depend upon its stability in the presence of 
certain chemically active substances ; the chambers and pars used 
in the manufacture of sulphuric acid are lined with, load, the only 
cheap m<jtal which withstands the acid at thef temp'oraturSs *in- 
volved. Much discussion ^ has taken place regarding the rela'bive 
merits of pure lead and impure lead 'in resisting the action of the 
acid. Some authorities condemn the lead produced by the Parkes 
process, and ascribe the bad resisting power of thht mat^iial to 
the presence of antimony and bismuth ; it is, however, believed 
that the bad ejffect of antimony can largely bo counteracted if a 
little copper is also added to the lead. 

Lead-lined wood tanks arc frequently usf d for chemical operatfons 
on a large scale, in cases where the only alternatives would be com- 
paratively costly vessels of stoneware. Moreover, in electrolysis, 
lead is the only cheap metal thoroughly suitable for use as afl 
insoluble anode in a sulphate solution ; the comparatively insoluble 
lead sulphate is first formed upon Ijhe anode surface, and is then 
oxidized further to lead perojfldo. When the lead is completely 
covered with the brown peroxide layer, it becomes almost immune 
to further attack, and the only effect of continued electrolysis at 
the anode is to cause an evolution of oxygen. It is true that the 
peroxide sometimes flakes and drops off, being replaced by further 
slow attack of the load. But this can be prevent(Hl by bidding the 
anode round with fabric, and a cloth-surrounded lead anode may 
be regarded almost as a pepianent electrode in a sulphate 
solution. , 

Lead Plating. During the war the plating of steel vith lead 
was used for certain purposes, notably for tlio lining of certain 
gas shells. The same silicifluorido bath which has been mentioned 
in the electrolytic desilverization process was sometimes employed, 
whilst another bath containing lead as fluo-borate gave good results.^ 
Baths containing perchlorates ** have also found advocates. 

«Iron ih also occasionally given a protective coat by Sipping 

1 H. S. feawdon, A. I. Krynitsky, and J.,F. T. Berliner, Met. Clkm. En^. 
26 (1922^, 109. • 

* Compare tlio views of D. W. Jones, J. Soc. Chem. Ind. 39 (1920), 221t, 
with ttiose of C. E. ^arrs, J. i^ocyChem. Irvl. 3 ^ (1919), 407t, and those of 
W. G. McKellar, J. Soi,. Chem. Ind. 40 (1921), 137t. 

” “ W, Blum, F. J. Liscomb, Z. Joncl^, and W. E. Bailey, Trana. Amer. 
Electrochem. Soc. 36 (1919), 243. Compare W. Lange, ZeiUch. MetaUkunde, 
13 (1921), 267. , • ■ ^ 

* F. C. Mathers, Trans. Atner. Electrochem. Soc. 26 (1914), 9^j W. E. 

Hughes, J. Thys. Chhn. 56 (1922), 316. ^ 
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inJ;o molten jead, or into an alloy of Had with.tigi .or anti- 
mony. * K 

t^!?lumbo -solvency. When lead is used, for instance, as a roofing 
material, an}?^ minute amount of dissolution that occurs may be 
neglected until, in the lapse of time, it calls for a replacement of 
th(j, metal. But, ^ .41 the case of a lead pipia used for the conveyance 
,of drinking-water, it is nccesuary to consider the effect of corrosion, 
not only upon the pipe, but also upon the water. Owing to the 
poisonous character of the metal, tlie presence of even a small 
trace of l^d in water is a very serious matter. 

The main fact determining whether le^id will pass into solution 
or not in the presence of dissolved oxygen is the possibility t)f the 
formation of a protective lilm on the lead. Hard waters containing 
much bicaid)oiiato and i;,<i*phate of calcium are likely to produce 
a protective film of the corresponding insoluble lead compounds 
on the metal. Furtherniive, the reaction of the water upon the 
lead necessarily involves a drop of the hydrion concentration ; 
and, where the calcium originally exists in the water as bicar- 
bonate, this diifunution'in the hycb’ion concentration may cause a 
deposition of (calcium as carbonate, just at the place where the 
lead is being attacked. Thus w(5 obtain upon the interior of the 
pipe a protective layer (/f chalky scale, which is very efficient in 
preventing the entry of lead into the solution, although, in extreme 
cases, tl]^ seafe may ultimately block uj) the pipe, and may thus 
cause trouble of another kind. 

On the other hand, soft waters such as are derived from moor- 
land districts, cause little or no sofile on the metal, and lead may 
pass into solution. This is particadarly the case d th(^ water con- 
tains aiaons which would tend to form a soluble complex salt of 
lead. Thus waters (jontaining nitrites have a distinctly “ jdumbo- 
solvent ” action. Excess of free carbon diu.vide— as opposed to 
calcium bicarlxmate — is ^^vourable to the solvent actit'U. Such 
waters — ^which are very common 'whore the collccting-aica j a 
moorland region — require to be treat(‘d»l}efore they c.m safely bo 
supplied to a town where lead pipes are used. It is siateo t}»at^tjfie 
formation of calcium bicarbonate is the most effective method ; 
as bttfc as 2 parts per lOQ 000 is said to be sufficient to cause a 
“ plumbo-protective coating upon lead.^ Many sligntly acid 
waters — such as are diawn from reservoirs in thj North of K.igland 
and Wales — are treated wit6 ^me, whiting or\;halk, so as to reduce 
the acidity and ensure the prjsence of calcium bicarbonate in the 
w^ter, • » e • 

* J. n Liverseege and A. W. Knapp, J. Soc. ^hem. Ind, 39 (1920),*27t* 
Compare Engineering^ 97 (1914), 66. • 
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Alloys (Pf Lead 

Pure fead is too soft for many purposes, but can be hardened 
by the addition of comparatively ^mall quantities of other medals. 
The “hardener” appears to exist in the alloy — at^ least in some 
cases — as a eutectic surrounding the grains and s^ 'ffenij?^ the ^h©le 
jtructure ; thus the Hardening of lead by means of a second mCtal 
is essentially different to the hardening of copper and gold, where* 
the hardener usually enters into solid solution. 

The number of possible hardeners are very numerois, 'iecent 
researches ^ having added to the list. Tin, antimony, arsenic, 
copper and calcium have all been used in practice. Of these metals 
the alloys of tin with lead have already been mentioned. Alloys 
of lead and antimony are of considerablq.importance. They con- 
sist for the most part of a lead-antimony eutectic in which primary 
crystals of lead (or of antimony) are buried. The alloy containing 
13 ix)r cent, of antimony consists entirely of eutectic. The additiovi 
of small amounts of phosphor-copixjr to these alloys increases the 
hardness, and renders the grain lin^. Alloys of Jead containing 
0*5 to 15 i)er cent, of antimony^are known under the general term 
of “ hard lead.” They combine durability with a high degree 
of resistance to chemical action ; coiisequontly hard-lead is em- 
ployed in the pumps which are used at chemical works for the 
circulation of acid liquors, and also for the grids ol accumulators 
and many other purposes. Type metal, which ofte*n' contains 
25-30 JKT cent, of antimony, and usually some tin (10 per cent., 
or sometimes, for high-class wo|:k, even 25 per cent.) is much used 
by printers. T^e presence of tin increases the hardness through 
the formation of the hard inter-metallic compound 8bSn, which 
was roforred to in the discussion of bearing- metals. Tor linotype 
work an alloy with less tin (2*5-3 per cent.) and antimony (10 per 
cent.) is used; this alloy melts at about 238° C.^ Type metal 
cojubincs easy fusibility with considerable hardness, but its special 
value lies in the fact that— in contrast with many alloys— it ex- 
at the moment' of solidification, and thus a sharp impression 
cf the type is obtained. Similar whiter alloys containing lead, 
antimony; usually tin, and sometimes copper, are include(J under 
the general term white metal.” 

Lead containing a small amount of ai^enic (0*5 per cent, or 
sometimes more) ifc used in the manuffceture of shot. The arsenic 
fulfils two functions ; it serves to fonder the lead more fluid in 
the liquid state — an important factor in the formation of Jhe shot 

0. Thieme, J. Jnd. Eng. Chem. 12 (1920), 446. c 

* II, Mundoy, C. C. Bi&aotV, and J. Curtlaml, J. Inst. 28 (1922), 152, 



lEAD 277 

* • i 

ir^the shot ; when the shot has solidifiod it aets ^ hardener. 
An alloy of lead and oaloiurj, kiirSWn as “Ulcb,** originally intro- 
dujn^d as a substitute for lead-antimony alloys, is said to 'be quite 
efficient as a bearing- metal. “ Frary metal,” another alloy which 
has been roermmended as a bearing material, consists of lead, 
calcium and bar/un. It is made by the electrolysis f'f a fused 
mixture of calcium and bj^rium chlorides using a molten lead 
cathode. 1 It should bo noticed that alloys containing reactive 
metals like calcium are liable to lose their hardness on nqieated 
re-m(1^Ing, owing to the removal of the hardener by oxidation. 

The Lead Accumulator 

Tli(‘ simi^lest form (d the lead accumulator ca?i Ix^ nuuh^ by 
immersing two lead plat(*s in dilut<‘ sulphuric acid. If a cuirent 
1 h) now sent through this (‘(‘11, the anode-plate becomes covered, 
nrst with white plumbous sulphate, and then witli brown lead 
peroxide ; finally (‘uough [xu^oxide is formed to prot(‘ct the lead 
lx‘low from furljicr attatk, and oxygen b(*gins to come off at this 
j)ole. The aciai/nulator js tht*n known to Ix^ charged, and can be 
used when required to furnish a current ; wIkmi the (X‘ll is dis- 
charging, i.e, geiK'rating a current, the h‘ad peroxide l)eeomeH re- 
dmed again to lead sulphate at the positive pole, whilst the lead 
metal becomw^ oxidized to the sulphatt^ at the negative polo. 
Aft(‘r the battery has beem discharged, it can bo n^-charged a 
second time by piussing an external curixmt through it, when the 
lead sulphate is reduced to spongy metal at the one pole and 
oxidized to peroxide at tlie other. 'I'lio amount o^ iidivo material 
(i.e. sp'uigy lead and perf)xide) increases during the first few 
f>p(Tations of charging and discharging. 

The simple form of accumulator suggestAMl above is unsatis 
factory for various reasons ; only a small amount of the lead Is 
attacked, a thin coating of jxiroxide being sufficient to ptutec^ <-h(3 
lead below from further oxidation. Thqs the capacity of the cell 
is small compared to the weight and voiume. Moicwr, ths 
peroxide is liable to drop off from the flat surface of tho positive 
plate OB to the bottom of the cell. It may ev^en com^, ui contact 
with the negative lead plate, with which it V^ill react, without 
producing any current in the extein^l circuit. This^'disinUigration 
of the electrode material is tendered afi the amfre probable owing 
to the change in volume whi^.h occurs when the sulphate is con- 
verted metal or to peroxide, and also when the metal and per^, 
oxule i^tunied to sulphate. All of these disadvantages are, Ijpw-’* 
• * J. Soc. Chem, Ind. 41 (AfJ2), 8b. 

• V 
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ever, to sfm^ extent ofirercome by using-— in me Gat le§c 

plates— groo^d striated pl^s ; ethe increasoS surface area 

brings about an increased capacity, whilst the spongy lead and 
peroxide adheres better to the grooved surface than to a plane 
surface. * ,, , 

The type of plate in which the active inateri^ (spefigy lead*or 
load peroxide) is produced from compact lead in situ by electro- 
chemical means is known as the ** Plants type ” of plate. The 
positive (peroxidized) plate of some modern accumulators is still 
made in that way. The anodic conversion of the surface of^^ lead 
plate into lead peroxide is more readily carried out in a solution 
which contains — besides sulphuric acid — some substance like per- 
chloric, nitric, or acetic acid, which yields a soluble lead salt. 
Part of the lead enters the solution as a {Soluble salt, and is reprc- 
cipitatcd on the anode as ]Xiroxide by a secondary change. Thus 
tlie film of lead sulphate produced on the anode is less continuous 
and consequently loss protective than if only sulphuric acid i's 
present, and the conversion of lead into peroxide proceeds more 
quickly, and extends to a more cor>sidertlble depth. 

But ill modern accumulator?i the negative plates, and usually 
the positive plates also, belong to the so-called “ Faure type ” 
consisting of a grid of cast lead, the pck^kets of which are filled with 
the finely- divided “ active material.” The grid is usually made of 
lead hardened with a little antimony. Into the pockets of the grid, 
a paski consisting of lead oxide and sulphuric acid is introduced. 
After this has hardened to a porous mass, the plates are introduced 
into their position in the accumulator. On charging, the lead 
monoxide is reduced to spongy lead at the negative polo, and is 
oxidized to the peroxide at the positive. Faure plates, have a 
much higher capacity compared to their weight than Plante plates, 
and are almost universally used for automobile storage batteries.^ 
In order that the capacity may be as large as possible — and also 
in»(3rder that a high rate of charging and discharging may be allow- 
able without fear of buckling-— the areas of both positive and 
ai8gativ(\ plates are made as large as possible. In practice it is 
oonvonient to join a number of positive plates and a number of 
negative plates “ in parallel,” instead of having a single positive 
and a single negative plate of very l^go area. The capacity of 
the cqjl, i.e. the number of anip^^re-hourjiLof electricity which it 
can safely give out Vinjts discharge, depends primarily on the amount 
6f active lead or lead oxide in the ^plates. It is never advisable 
to convert more than a small fraction of the spongy lead. 
‘peroxide into sulphate, since this would ’involve volume ^hanges 
' W. G. Brooks,' Tmlw. ilracr. ElttUroi^&n, Soc. 31 <d917), 311. 
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which would tend loogen the materiaL If an accumulator is 
allowed fo st^.d in an undischg.%ed condition, th^lhnSly-divided 
sulphate present tends to “ agglomerate ” into a loss reacJive form, 
ana the accumulator is said to “ 8ulphatt>d.” An accumulator, 
when sulphated, has a gix'atly reduced capacity, and requires special 
treacment l>eforc,.it regains its normal efficiency.^ 1\) ayoid danger 
of'sulphating, an' accumulator should never discharge itself com- 
* pletely, and consequently the practical capacity of an accumulator 
is always far less than would be calculated, with the help of 'Fara- 
day^ la" % ffom the amount of active material present, on the 
assumption that the whole of the metal and peroxide may pass 
to sulphate during the. discharge. 

The final reaction which 0(‘curs when an accumulator is charged 
and discharged is usual I v written 

* 2 PbS 04 i 2 >LO ^ ?b -I PbO^ -f 2H2SO4. 

The ecpiation read from lift to right represents the charge ; when 
read from right to U'ft, it represents the discharge, tt is known 
that the h'ad peroxide at the positive plat' is appreciably soluble 
in the siilplmn> acid as plumbic s'dphate, and actually the plumbic 
i(m8 Pb“" pres('ut in the liquid within the channels of the porous 
mass should probably b(i regarded as the real agents in the elec- 
trodic reaction. If so, wo can write the essential ionic reactions 

at the two plates separately in the very simple form ; — 

• 

• At the negative plate, Pb" 2 c Pb 

At the positive plate, Pb“ Pb”" -f 2 c. 

It is noteworthy, liowcver, th^t the amount of sulphuric acid 
removed fi’om solution during the discharge is oi.!y about half that 
which we should expect from the equation 

Pb + PbOj. -f- 2H2SO4 - 2 PbSO, + 2H2O. 

Various suggestions have been made to account for this. According 
to one view,'^ the positive plate contains, in the ch.uged state, 
higher oxides than PbOj^, for instance, Pb^Oj, and that they become 
reduced to PbO.^ during the discharge ; if this were then 7?o 
sulphuric acid would bo removed from solution at the poshivo pole 
at alj. Other work,^ however, has suggested the 'hw that the 
oxide formed on the positive polo in the charged stal is mainly 

^ See G. A. Per^ and C. W. Davis, J. Phys. Chcij^ 20 (1916), ..64. 

> C. F6ry, J. Phys. 6 (1916), 21 ; Bull. .Voc. Chifn. 25 (1919), 223. Recent 
work by 8. Glasstone, Trans. Cwm. Soc. 121 (1922), 1469, 2091, supports the 
view that a higher oxide may bo present in anodioally formal load peroxide, 
kut oity in very small q*iaiititios. • 

’ T>mA. Maclnnes, Adler and D. B. Joubort, Trans. Amcr. Electjjpchem, 
Soc, 37J1920),641. • • 
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PbOa ; it seems Uk(fiy on the discharge, ct is not in/mediateJ 
reduced Uf p^m'^om sulphate (fbSOA hut to perhap 

to bfisic isulphates, .rPb().PbS04, which would involve the Ifxin^ 
of very little aulphuric acid. Niich a vie\^ ac'ooimts for the fUci 
that conij)arativeiy little sulphuric acid is removed from ^ liquid 
and also accords with the fact that as . ton as the fqrxnatioii iti 
whitf^ plurAbous sulphate on the plates })ecomes cyjvious to the eye 
the accumulator is known to be over-'idischarged. 

^ An accumulator never gives out the whole of the energy put 
into it ; in usual practice, at least 20 per cent, is lost.-- T^e eirsrgji 
loss may be attributed to three main causes : — 

Firstly : the E.M.F. need(‘d to charge the c(‘ll at a reasonable 
rate slightly exceeds the eciuilibrium E.M.F. {about 2 volts), whilst 
the PIM.F. of the cell wlnni furnishing current is always slightly 
less than the equilibrium value'. As a mat'ter of fact, the ]x>lariza- 
tion of the lead accumulator is remarkably low compari'd to that 
of many cells, and is chiefly du(i to slighf diff(nences in the concen- 
tration of the acid arising from the limited rate of dilTuvsion thA)ugh 
the channels of the porous mass.* The pot<‘ntial diflert'nce falling 
over the liquid within the cell during the charging or Ihe discharging 
is very small -owing to the high conductivity of tln^ acid— and the 
loss of efficiency due to this cause is only slight. 

Secondly: the current used to charge the battc'ry may not be 
devoted entirely to the production of lead and k'j^d peroxide. 
Some oxygen, for instance, is produced at the positive poh^ towards 
the end of tlie operation, and likewise hydrogen at the negative 
polo. This “ gassing ” is clearly accompanied by the loss of current 
(‘fficiemey, and according to some ‘authorities - causes disintegration 
of the negative plate. Many makers mix a little mercury with the 
active material, and this probably s('rves to restrain “ gassing ” 
at the negative pole,^ since the hydrogen “ overpotential” on 
amalgamated lead is ’higher than on ordinary spongy lead. 

Thirdly, when an accumulator stands In a charged condition, 
the Reactive materials tend gradually to disappear. The lead 
peroxide Iwing in contact with the lead of the grids, forms skort- 
eifeuhed c^lls of the type 

PbO, I H2SO4 I^Pb ^ 

and becomes slowly converted to lead sulphate in a manner which 
produces* no current an the exUrnal circuit. Further, if a trace 

t „ t 

^ F. DolezaJok,’“ Theory of Lead Accumulator” ; translation by C. L. von 
Ende (Chapman & *■ %. « * i 

* A. Langcr, Ghem. Znt. 44 (1920), 749. , 

’According to A, J. iVlIi^aad,,” Applied Electrochemistrj^ ” (Arnold). 
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of a metal like copper or silver is presen^in the 6U5tive lead of the 
negative* polet torrorion ,couple^®f the type ^ • 

Pb I H 2 SO 4 I Cii 

are set up, which will rapidly convert the active lead into its sul- 
j)hatc ; {or this reason, manufacturers of accumulators take the 
very greatest prd^^ution to avoid the pregenee of metalU''' impurities 
^ in the lead. If iron salts ase present in the acid, they cause a loss 
of charge at both [a)lcs. They are oxidized to the ferric condition 
by the lead jx‘roxid(‘ on the positive pole, and then, diffusing to 
the negative })()le, are redu(;ed to the ferrous state' by the spongy 
lead. Manganese is another objectionable imjmrity. 

Assuming that an av(‘rage K.M.K. of 2-3 volts is needed for the 
charge, and that 1-9 volts is obtained upon discliarge, and assuming 
further th;it tlu^ numbc" of ampen^ hours ebtaijied on disc^harging 
is 95 per cent, of that ennsumed in charging, the energy elliciency 
of the accumulator will 


The form of t he lead accumulator varies considerably according 
to the purpose for whicfl it is intended. At central stations, where 
the size and weight of the colls is of less importance than length of 
life, and where rough usage can be avoided, the negative and 
positive platfs are often suspended in acid at sah^ distances from 
one andllu^r in tanks of glass or lead-lined wood. There may be, 
perhaps, six negative and five positive plates in each cell, arranged 
alternately, the negative ones being on the outside. If a positive 
plate were placed at tin? outside it would tend to buckle seriously 
owing to the unc'qual volume changes on the two side's. The acid 
used is of specific gravity 1-15 to 1-20, and the changes of specific 
gravity (observed by means of a hydrom(;t(;r) are noted from time 
to time, as they serve to indicate tin; state of the cell. In these 
stationary cells, the positive plates are often of the Plante tyjw, 
the negative plates of the Faure type. 

In accumulators intended for transport purposes, the plates arp 
almost always of the Faure type. They are smaller, and ])laced 
close together, being prevented from touching by mean.; of separa- 
tors made of wood or hard^ubber ; in this way^the size of the cell, 
and the weight of the liquid is reduced. The whole is contained 
in a jar of celluloid or'tewd rubber. Variouai devices hai^e been 
adopted to render these tl^nsport accumulators more durable 
under Jiard service and also lighter; some forms ate very little 
heavier tlftin the nickef accumulator. The so-ealted “ iron-clad 
battery has t];io active material contained in a number of ‘thin 
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vertical cylinders or pp&cils ” of hard rubber/perforatedTto admit 
the electroryt^^ i^rtfw of pcncilsa^s supported! in rfftaifte*of lea^ 
antimonyoalloy. A core of lead-antimony alloy passes down the 
centre of each pencil and serves^ to make electrical connection 
between the active material and the terminal.^ 


Lead Pigments 


/ 


A v('ry large amount of metallic lead is employed in the manu- 
facture of load pigments, of which white lead (basi(? catfbonute), 
sublimed white lead (basic sulphate), red lead, and chrome 
yellow (lead chromate) are the most important ; the last-named 
pigment has already been mentioned in tlie section devoted to 
clirornium. 

White lead is generally described as a 1)asic carbona^yO of lead, 
and has a com])osition approximately represented by the formula 
2 PbC 03 .Pb(()H) 2 . It very j>ossibly contains a dt^finite chemical® 
compound, 2 although some authorities regard it as the product 
of the adsorption of lead hydroxide u pom lead carbonate. It is 
j)erfectly easy to obtain a precipi#tito ot the composition in question 
very simply by the interaction of a solulion containing sodium 
hydroxide and sodium carbonate with solution of huxd acetate ; 
but experience has proved that the product obtained by rapid 
precipitation is practically valueless as a pigment. AJmost all the 
white lead actually manufactured is obtained by the “ coifosion ” 
of metallic lead by carbon dioxide, usually in the presence of acetic 
acid. 

Until recently nearly the whole of the white lead of commerce 
was produced by the old empirical Dutch process, and that process 
is still used extensively in this country. It is carried out in tall 
chambers, or “ corrosion sheds,” built of brickwork. Largo num- 
bers of earthenware pots are used in the method, each pot con- 
taining a small quantity of acetic acid. The floor of the corrosion- 
shecl is first covered with tan bark upon which is placed a layer of 
these pots ^containing acid*; the layer of pots is covered with a 
laycl' of load “ buckles,” or strips of thin lead studded with holes. 
Above the-4oad buckles are placed boards which are then^selves 
covered wjth a secopd layer of tan bark. • Upon that comes another 
layer of pots containing acid, tlujn another Jayer of lead buckles, 
then bdards covered wth tarn Park, anil so on. In this way, the 
<• * ♦ 

^ For further* details of types of load accumulator, and practical instruc- 
tions on use and h«,ndliug, see U.S. Bur. iStand. Uirc. 92 (i920). • * • 

* R. S. Owens, Trans. Amcr. Electrochern. Soc. 25,(1914), 477, ^ 

» E: Euaton, J. Jnd. Ch^m. 6 (1944), 382. , 
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jhed is filied up witli alternate layers of pots, afid lead. When 
the “ BtacK con-plete, .the jJ^ors are clostd. . T)ifto Hack is now 
left' for 76 to 100 days. During this time the ferinent^ion of the 
tan bark proceeds apace, and carbon dioxide is evolved ; much 
heat is generated by the fermentation process, and tlie temperature 
of iho lead riscs^to about 60-75° C. At that temperature, the lead 
i^ slowly attacked by the va})our of the* acetic acid in tlio presence 
of air, and the basic acetate formed is converted by the carbon 
dioxide into basic carbonate. Thus when, after about three or 
fouPmo.ithi?, the stacks are taken down, tlie lead buckles, although 
retaining theur original form, consist no longer of blue ” (metallic) 
Icfid, but of Avliite basic carboiiato. 

The corroded buckles are remoced to the grinding rooms where 
they are broken uj) by rolUms. Any remaining ‘‘ blue ” lead is 
removed 1[)y the ])assage of the mixture tlnough a sieve, and the 
prodiUit is then freed from any solubhi acetate by washing with water. 
The white lead is then ground between buhrstones, mix(Kl with 
water, and sul)jocted to a proee.ss of gravity separati(m in order 
to s(‘parate the undidy coarse “ sandy lead ” from the line ])ig- 
ment, and, at. same time, to remove any tan bark which may 
bo mixed with the jtignumt. A BUs})ension of the white lead in 
water is run through a seiic's of vats, the motion of the water being 
sufficient to ke(;p the fine matter in suspension, but to allow the 
coarse maU'rial to settle. Tiic finer portions scdtlo in a further 
series •of vats ; they are thoroughly washed to remove soluble 
lead acetate, and are finally drained as free as possible from excess 
water. 

The white lead is often cruslied again whilst moist, dried and 
packed for transport. Alternatively it can be mixed with oil 
whilst still wet. When the oil is stirred into the pasty mixture 
of white lead and water, the pigment partk'les gradually leave the 
watery phase and pass into the oil ; finally the water, free from 
suspended lead, appears as a limpid fluid upon the sficliy mixture 
of oil and pigment. The passage of the white lead from the water 
into’ the oil is determined by the relative value of l^e, intc^aojal 
tension existing between the three materials.^ The mixture of 
whil^ lead and oil requires to be mixed uith a thi mer such as 
turpentine before use af a paint. • 

The details of the Dutch process vary in different pieces. In 
some works, iristead of a large number of layers of sm^l pots, a 
comparatively small number ..of layers of rather largo pots are 
employed, and rolls of lead are actually placed vtithin the pots. 
*In ^e •original fornf of the prwoss jis used fh Holland, hoiise- 
• » W. Kemders, Wtekhlctd. 10 (1913), 708. * 
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manure was used to generate the carbon diof ido and* heat ; thig 

is found, hSwi^er^ td give oil hy^ogci^ sulphide, 4^d ftius some- 
times leadc to a dark product containing lead sulphide. In England 
it was long ago replaced by tan bf^rk. 

But the fermentation of tan bark would scarcely scfw to be the 
most rational way of producing heat and carb^ dio^dclo. Thfe 
temperature and the sifppfy of carbon ^lioxido will both vary with 
the character of the tanning material, in a manner which it is 
flillicult for the manufacturer to control. The temperature is 
particularly variable, and depends to some extent upoi? thif^’ro- 
temtion of heat by the walls of the chamber ; thus the best quality 
of white lead is only obtained when the corrosion-sheds have been 
in use for some little time and when the brickwork has consequentlv 
become heated. A more modern method ly’own as the Chamber 
process is used largely both in this country and on the d*ontinent ; 
in this process the carbon dioxide is obtained chemically, e.g. by 
the “ binning ” of limestone or of coke, and the heat is generated ' 
by fuel in the usual way. Lcwl sheets are hung over horizontal 
poles placed in large chambers into \yhi(;h* the vapour of acetic 
acid and carbon dioxide arc intrtjduced. i^ince the temperature 
and the supply of carbon dioxide are easily ri'gulated by the men 
in charge of the process, the product i^ (^eidainly more uniform 
than that of the Dutch process. The white lead obtained by the 
(yhambor process is stated by unprejudic'cd authorities — who are 
interested in both processes — to be of (^qual or grcatiu’ j>r!ictical 
value than that of the Dutch method ; but many buyers insist 
on having the product of the older ])rocess. 

The Chamber pjoccss just described is considerably quicker 
than the Dutch process ; the conversion of the lead sheets^into 
basic carbonate occupies only about eight weeks. It could no 
doubt 1)0 accelerated, further by increasing the supply of acetic 
acid, but the quality of the product would be likely to suffer. 

A l)etter way of increasing the speed of corrosion without altering 
the ‘quality of the product is to increiuse the surface area of metal 
exposed to ilje gases. Thus in the various rapid methods of wlfite- 
lead« production- -largely developed in America — finely- divided lead 
is used as the^raw material. In the Carter process, molten Jead 
is treated with an aii- blast so as to prodfice a powder consisting 
of load globules ; 4his powder is then treated in a revolving cylinder 
with acetic acid, carboq dioxide'' and airf and converted quickly 
into^ basic carbonate. A good quality ^df white lead is obtained. 

In the so-called “ mild process,’* ^ wMch is also Americtyi in 
origin, finely-divided (‘‘ atomized ”) lead is treated with iir^and 
» C. D. HoUey) Ghem, Fhd, 2S (1909), 403t 
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^ ^ -.ansformed to a hydr(?kide, which is afterwards 

converted to \1iite ^.ead by th(^ action of carbon cU^xifle ; in this 
process no acetic acid is employed. » 

t)ne of the objkjtions to processes in which a lead oxide (or 
hydroxide) is treated with carbon dioxide is tha^ the white load 
produced is liable to be discoloured owing to the presence of the 
higher oxides, which are practically uiiififeCted by carbon dioxide. 
* In the Bischof process/ which was developed in this country, 
the trouble is avoided in the following way. Litharge (PbO) is 
use^as r ^w ihaterial. It is finely ground, and reduced at 220~2(y0'^ C. 
in water-gas to the suboxide (Pb^O). This is then “ slaked ” by 
water in the presence of air, giving a plumbous hydroxide quite free 
from higher oxides ; the hydroxide when mixed with dilute acetic 
acid, and carbonated with carbon dioxide gas, gives white load. 

Many attempts have fieen made to obtain white lead from lead 
sheet by electrolytic processes.^ If a sheet of lead is made the 
' anode in a bath containing both sodium carbonate and sodium 
chlorate and a current is forced through the coll, a good deal of 
basic lead carbonate L forpied. But if the sodium carbonate be 
in great excess, a protective fiLn of lead carbonate is likely to 
appear on the anode, and this will interfere with further corrosion. 
On the other hand, if the chlorate is present in excess, the lead 
will dissolve freely as soluble chlorate, and this will yield white 
It <ul by interaction with the sodium (jarbon.ate (and hydroxide) in 
the bddy of the solution ; but, as already stated, white lead ob- 
tained by precipitation in this way is almost always unsuitable 
for use as a pigment. Possibly a satisfactory material might be 
produced by regulating the quAitity of chlorate and carbonate, 
so that most of tlu; white lead is obtained by tlie direct coiTosion 
of the anode, but just sufficient cldorato is formed to ))revent the 
crust of carbonate being of the closely-adherent, protective charac- 
ter ; this is a question upon which opinion is divided. 

Owing to the highly floisonous character of lead compound^ the 
grinding and packing of the powdery white lead is a dangerous 
industry to those employed. The afternative raotho^(^ in which 
the pigment is mixed with oil whilst still moist, invokes flfr Jess 
dangler. Elaborate filtration systems for freeing the ^iir from any 
suspended matter have l^en installed at sornci English ]cad- works ; 
where such systems ^ist, assuming that the vari(ins precautionary 
measures are ilgidly eniorced, tl\e Manger af lead poisoning, or 
• 

^ W. Ramsay, Qth Int. Co‘ng.^A 2 Jp^Chem. (1907), Sect. U; p, 372 ; A. Sab 
ononyt Ckem. Zeit, 31 (WOT), 955, 971. • 

•eWLuckow, Zeitscii. [Elektrochem. 9 (1903), 797 ; C. F. Burgess^ and C. 
Hambuechen ,^ran«. Avur. Electrochem. (SV^c. 3»(‘'903), 299. 
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plumbism,” can bo r^dered very small. Iri spme countries thp 
use of whifc Jjad jiafi boon restri^t^d lay legisktioif^'and an inter- 
national oionvention on the subject was adopted at Genova in 1921.^ 

In mentioning the real danger qf plumbism to those employed 
in white-load fa«torie-H, allusion may be made to certfpnjolse ideas 
which are prevalent as to the possibility of plumbism b«ing cailsed 
by living in a freshly-fainted room in which a iead-paint coat is 
drying. It is believed by many that a kwid ])aint whilst “ wet ” 
^emits a volatile lead compound which is capable of poisoning those 
who inhale it. This is, however, not the ease.^ No volatile com- 
pound containing lead is given off by a drying paint-film. It is 
true that all paints in which turpentine is used give out turpentine 
vapour, which does product} toxic effects on sonu} persons. In 
addition they evolve certain aldehydie oxidation-products of the 
oil, and these vapoiu's also may conceivably have a temporary 
disturbing effect upon some ultra- sensitive constitutions. This 
objection applies also to paints free from lead, but inasmuch as 
lead paints generally dry more quickly than others, they will cause 
a rather more rapid evolution of the substances in^ question. 

Apart from the poisonous character of lead ])igments, the main 
objection to their use is the liability to discoloration in the presence 
of hydrogen Hul})hide, black lead Hulphide-being produced. Leadless 
pigments do not suffer discoloration through exposim} to this gas, 
but lithopone darkens when exposed to the light, whilst even zinc 
oxide paitits occasionally suffer discoloration owing to a c'lhango 
occurring in the linseed oil.*’ It is p(}rhaps right to add that prob- 
ably many cases of discoloration which have been attributed to 
chemical and physical causes - siieh as those mentioned above — 
are really due to the paint-film becoming “ dii’ty.” 

Basic Lead Sulphate (“sublimed white lead’’). It has 
been mentioiK'd thatr during the production of lead by means of 
the oxidizing action of an air-bkist iqxm gak'iia in the “ hearth- 
smelting process,” much lead is carried away by the blast, and is 
deposited in the dust-chamber. As to how much of this lost lead 
ifh carried'^over mechanically as solid particles, and much how 
“sublimes'"’ as a vapour, is a question that still remains un- 
decided. When, however, the walls of the furnace become" hot, 
much sublimation nUist clearly toko place. The product found 
in the dust-chaifiber contains^ aopUrently a basic sulphate mixed 
with normal sulphatb. It has already V)een mentioned that the 
sublimate from many ores is a valaaHe pigment, and it is some- 

* J. Soc. Chevh, I'ld. 40 (1921), 463ii. ' 

• H. E. Armstrong and C, A. Klein, J. Soc. Chem. 7nd. 32 (1913), ”320. 

3 D. F. Twisa, J. So<ii OhlSn. Ini. 37 (1913), 179t. 
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times iniJei>tionallyo prepared for tha^ purpose — esix^cially in 
America! ' ^ ^ f ’ * 

GaleiTa is volatilized from a hot furnace, in a strong bVu?t of air, 
and the gases produced are cooled and drawn off through a bag- 
house by ipeans of a fan. The product collected consists of “ sub- 
limed whttp lead'” It is an apparently amorphous })owder, and 
appears to be ii. a fine state of divis‘ion, finer than the basic 
• carbonate. It has good covering power and durability, and is 
stated to be less qifickly blackened by hydrogen siilphidp than^ 
ordfhary white lead. Sublimed white lead may contain a definite 
basic sulphate ; the existence of such compounds as PbO.PbSO^ 
and 2Pb0.?bS04 ; is shown by maxima on the melting-point 
curve of lead oxide-k^ad sulphate mixtures.^ 

As already stated in tlie S(‘ction on the metallurgy of zinc, many 
of the coftiplcx zinc-lead ores of the United 8 tat(‘s are sublimed 
to giv(i a M’hite pigment containing both metals. It is called 
« “ leaded zinc ” when zihe. oxide is the main constituent, and 
“ zincy lead ” wlieui the basic load sulphate is in excess. 

Red lead (Pb304) ic another lead compound much valued as a 
paint ; it also serves, when inked with a small proportion of 
linseed oil, as a plugging or luting material for filling up crevices, 
or for making secure the joints of metal pij)es and similar purpo.ses. 
'Fhe mixture of the red lead and linseed oil dries rapidly owing to 
the high o\y gen-content of the former, and sots to a firm plaster. 
As a jAint, the value of red lead depends partly upon the brilliances 
of its colour ; tlio colour is much affected by small amounts of 
impurities, and by the exact conditions under which the pigment 
is produced. It is considered ode of the best j)aints for the pro- 
tection of irt)n from corrosion ; no doubt the oxidizing character 
is favourable to passivity. It is also used in glass-making. 

Litharge (PhO) is used as a drier in varnishes containing linseed 
or other drying oils, to bring .about th<^ absorption of atmospheric 
oxygen and the production of such solid bodies as “ lijioxyn.” It 
is also used in the manufactiue of accumulatoi' plates. " 

The manufacture of litharge and rdd load is closc'ly^ jpunnected. 
If lead be fused on the hearth of a reverlxiratory furnace in a'^ggod 
current of air it becomes oxidized. The lower oxide ( 1 ^ 0 ) is always 
formed first ; if the temj^'raturo bo high enough to fusp this oxide 
when formed, the coippact variety known as litharge is obtained. 
If the temperature be oniy just high enough ¥to melt the Tead, the 
unfused yellow form, massicqlt, is produced as a dross which van 
be skimmed off. If this dross now slowly roasted in an oven at 

• * • • * • • 

^ Cenpare R. Sche^ck and A. Albers, Zeitsch.^ Amrg, Chetn. 105 ^(1918)* 
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a low temperature for iS hours, it takes up* some moi-e oxygen 
and pivsses'^in^ r^ddeid. The mastipg mus<) bo bbndiuiled with 
groat car(i, the powder being frequently raked up to ensure uniform 
oxidation ; it needs considerable experience to ootain with certainty 
red lead of the finest colour. It is much more difficiilt,.to convert 
the compact molten litharge into red lead by roasting ; the feathery 
massicot should be ust,d.‘ ^ ** 

By the calcining of white lead, a pigment is produced having a 
^composition similar to that of red lead, but possessing an orange 
colour. This is known as “ orange oxide.” The difoenct*, in 
its colour from that of red lead is no doubt due to the different 
state of aggregation. For the juoduction of orange oxide, the less 
useful parts of the white lead, separated by the levigation of the 
crude material, are generally employed. 

Theory of Pigments (see also Vol. I, pages 94r-95). A paint 
film is essentially a suspension of nigment ” particles in a 
” vehicle,” generally consisting of dried linseed oil. The filin'* 
serves two separate purposes ; firstly, it serves to ])rotcct the wood 
or metal below the film from alteration due to exposure to the 
atmosphere— a matter which hai^ already been rderred to in con- 
nection with the eomision of metals ; and, secondly, it should 
” conceal ” the texture of the materiaPbelow from view. 

The comparative pow(*T of different pigments to “ coiK;eal ” or 
“ cover ” the basal material can be measured by r/it'ans of an 
instrument calked the eryptometer.” ^ The principle of "the in- 
strument is very simple, altliough for the details the original paper 
should be consulted. A black enamel background is concealed 
behind a “ wedgQvshaped ” layer of the paint to bo tested. At 
the end where the layt^r is thin, tin* background is visible ;,.j'hcTe 
it is thick, it cannot be soon. The thickness of the paint-film at 
the point wln'ro the background becomes visible is an indication 
of the hiding power of the paint. 

TJjo fact that a layer of white paint can “ hide ” the basal 
material on which it is painted depends on tlu^ reflection of the 
bght where, it passes from vehicle to pigment, and from pigment 
to* veliiclov For perfect “ hiding ” practically the whole of the 
light must 'bo reflected before it reaches the material below the 
paint-film.v. The amount of light reflocteci at each interface depeneb 
primarily on the amount by which the refractive index of the 
pigment exceeds that, of the vehicle. 'Thus- -other things being 
ecfual—the pigments with the les^ covering power are those 
substances which have highest E?fractive indices.® This may b^ 

1 A. H.* Pfimd, J. Fratiklin Inst. 188*(lSi^9), 675. 

‘II. A. fUmlr^Tv Fng.oChem. 8 (1910), Tpi. 







§/> 

seen from^omparisoV of the values of tHI reitactive index given 

b^low • V 1 ^ - i 


Silica (quartz) 

1559 

* Barium sulphafe . * . . 

16 

Zinc o^ide ....... 

. 19 -f 

• Whit^lead (basic carbonate) 

20 

•' Knblimcd whVte lead (basic sulj)hat(f) 

20' 

Zinc sulphide ...... 

2-2 to 2-37 


A paint-film consisting of silica in linseed oil will be practically » 
tranl^ 3 arc^t since the refractive index of silica is almost equal to 
that of the nu^diurn. On the other hand, a film of white lead in 
linseed oil will be opaque, and will have good covering power, 
o)jving to the high refractive index of the lead compound. 

But clearly the size of pigment particles is also of importance. 
With small particl(\s, the number of pigment-vehicle interfaces 
which tlie light must cross in penetrating a film of a given thick- 
bess jyill clearly be greater than with coarse partich^s. Thus, the 
covering power of a given pigment will be greater, the smaller the 
size of the pigwient-gritms ;« this relation should hold good until 
the size of tin; pigment, particles 'oecoines so small as to be com- 
parable to the wave-lengtii of light. ^ 

The relation between paftiele-size and covering power probably 
alTords a reasf)n for the inferiority of coarsely-ground natural 
barytes to finely-ground baryte>>, and the inferiority of finely- 
ground 1)arytcs to precipitated barium sulphate. But it can only 
afford a partial explanation of the fact that rapidly ])recipitated 
white lead is infiTior as <i ])igmont ^to that made by a slow process.^ 
It is true that (according to the very meagre ii?/ ormation at our 
disposal) the pigments made by processes similar to the Dutch 
process appe/ir to consist of particles which are, on the average, 
smaller (00014 nun.) than materials made by the more rapid 
methods (over 0022 mm. diameter).^* Ni^vertheloss the size of the 
particles obtained by precipitiition may — under c(“rtain condtbins 
— be much smaller than that of tlu^ best “ Dutch process ” whifc 
lead, and yet the precipitated material luiA little prao*/ieal valuf' 
as a pigment. A microscopic study of the process of p'-eeijutation 
of white lead by the mixing of a carbonate solution with a solution 
of a soluble lead salt shows that the white Head produced first 

» W. Ostwald, KqjU. Zeitsch. 16 (191?>),r4, ^y» that a “ maximum A cover- 
ing power” is reached when ftio grain-size is m 0^ neighbourhood of the 
wave-length oi light, and that further diminution of tho grain-size wodid 
cause a diminution of covering *^ower. • 

U. €1. JEvans, Trans. Faraday SoB. 18 (1922), 75. Qompare H. Green, 
Met. Cfwm. Eng. 28 (1923); 63. 

* R. S.' Owens, Trane. Amer, Electrochem^ /Sofj.'lS (1914), 486. 

M.C.— VOL.*^V. r ' , U ^ 
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appears as minuto'cryftals or star-like gro'vAhs, but filially these 
seem to Golljpct jnto nodules ofr^yisible size (WhicJv^'re^iftble small 
white sheds. 1 Probably these “seeds” are not the ultftnate 
grains, but are merely secondary aggreg&to^ of the first foflned 
crystals ; such, a view may help to explain why precipitated white ' 
lead has a lower density than the product of the corrosip-if processes, 
and why the former -takes up more oil in maling a paint of»tho 
required consistency— which is welf known to be the case. A* 
further study of the internal structme of the “ seeds ” may perhaps 
provide an explanation of the fact that the painter Unds th.it the 
precipitated white lead does not “ work so well under the brush ” 
as the other forms of white lead. 

In considering the grain-size of coloured pigments, such as 
lead chromate (chrome yellow), additional considerations ariSe. 
If an intense coloration is aimed at, it is essential to have the size 
of the individual particles sufficiently large ; for, in order that 
selective absorption of the light may take place to any considerable 
extent, it must be allowed to penetrate through an appreciable 
thickness before being reflected. T^ad chromate obtained from a 
hot solution has a deeper col#ur than that precipitated from a 
cold solution. The difference is here pro\)ably duo mainly to the 
larger size of the particles which cr}i»tallizo from the hot bath.^ 
On the other hand, the red colour producc^d by the action of sodium 
hydroxide on lead chromate is probably due to thq formation of 
a basic chromate. 

Coloured pigments are commonly diluted with a cheap colourless 
material, such as barytes, silex, or asbestine. In the interests of 
economy, it is advisable to usd the largest possible proportion of 
inert mat(Tial ?hat is ])()ssiblc without diminishing the colour 
unduly, and to reduce the proportions of the more costly coloured 
pigment. It is found best for this piu’pose to add the inert material 
in a comparatively coarse state of division,'* as would indeed be 
expected from the theoretical view of pigments suggested above. 
Consequently, natural barytes, although possessing little covering 
power ^ a white pigment, is extremely efficient as a diligent in 
qploared paints, more efficient, in fact, than white lead, zinc oxide, 
or precipitated barium sulphate ; these latter substances^ would 
cause th§ reflection of the light bofoife it had passed through a 
sufficient thickness of the coloured pigment to cause appreciable 
selective absorption. * ’ 

y O 

» J. Scott, Chem. Trade J. 65 (1919), 327. 

* See E. E. Frpe, J. Phys, Chem, 13 (1900), J 30. Other fartoiS besij^as 
Vrain-size may influence the colour. * 

» r. R. Briggs, V. Phy'. Chem. 22 (1918), 216. 



GROUP Vb 


• 

Atomic Weight. 

I\itrogcn 

. 14008 

Phosphorus . 

. 3104 

Arsenic 

. 741)0 

Antimony . 

. 120-2 

Bismuth 

. 208 0 

In the elements of Group Vb, 

non-metallic juoperties are 


veloptd more htroii^ly than in (houp IVb, but they diminish as 
the atomic weight rises. Thus nitrogen and phosphorus are classi- 
fied by all (;hoh.ihts as non-metji^s ; arsenic and antimony are 
included by some authofities within the same term ; but bismuth 
has most of the projandies of a metal. All the elements are capable 
ol exerting a n(‘gative valency of 3, forming the gaseous hydrides 
NH;,, PHg, AsHg, SbHg, BiHg. But whereas the hydride of 
nitrogei^ (ammonia) is a stable substance, the hydrides become 
increasingly unstable as we pass through j^hosphorus and arsenic 
to antimony, whilst bismuth hydride is so unstable that its very 
existence has only recently been t^tablished. 

Nitrides, phosphides and arsenides of many characteristic metals 
are known, in which the elements of Group Vb clearly function 
as a non-metal and exert a uniform negative valency of 3. Examples 
are : — 

AgaN, 

Na3P, 

NajAs, and * 

CUaASj. 

Similar compounds such ag 

Zu gAs 2 , 

CugSb, ard 
• MgaBi, 

o ^ , 

are kn^wn as components of alloys. These bodies are clearly to 
regfjjd^d as arseniaes, antimonides, and bisnSuthides. They 
must distii\guished from the ordinary i.ut 3r-metallic compounds 

2tl 
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formed by combinJitioi! of true metals, since in the^latter the 
formulae Ifav^ nojiappaWt connr(j.tion with the laf/s o$ talency.'^ 

A gradual transition from non-metallic to metallic propertfes is 
also seen in the physical characters of the t^eraent8 themsefves. 
Nitrogen is at ordinary temperatures a colourless gas. ^ Phosphorus 
exists in more than one allotropic form ; of these the*’ ‘ yellow ” 
form is translucent amP'lacks entirely the pro^^^erties of a ra^^tal, 
but the so-called “ red ” phosphorus — when obtained in a crystal-* 
line condition — has something of a metallic lustre. Arsenic also 
exists in more than one form, the more stable variety ^being dis- 
tinctly metallic in appearance, although a yellow non-metallic 
variety also exists. Antimony and bismuth are both lustrous, 
opaque substances of metallic aspect, although considerably more 
brittle than the majority of metals. 

A similar transition is observed when the oxides arid their de- 
rivatives are studied. In the two main classes of compounds, the 
elements exert a valen(^y of 3 and 5 respectively. In the lighter 
elements, nitrogen and phosphorus, the compounds in which the 
full valency characteristic of the group (5^ is exerted are the most 
stable ; but as we pass throug»h arsenic to antimony, the lower 
series Ix'comes more stable, whilst in bismuth nearly all the well- 
known compounds correspond to th« lower state of oxidation. 
Again, in the lighter elements, nitrogen and phosphorus, both oxides 
have a distinctly acidic character, and well-delined salts, such as the 
nitrates, nitrites, phosjduites, etc., exist. But as we passthrough 
arsenic to antimony, weak basic ])roperties begin to appear in the 
lower oxide, whilst bismuth possesses a well-defined scries of normal 
salts, such as BitNOala.bH^O,* in which the metal is trivalent ; 
but even in bismuth, the salts readily become hydrolysed,^ if dis- 
solved in water in the absence of free acid, insoluble basic salts 
being obtained. 

Since this book is confined to the study of metals, nitrogen and 
plyosphorus will not be discussed. Ars^fnic will be regarded as a 
tiietallic element, and will consequently be considered first. 
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ARSENIC 

Atomic weight . . , . 74-96 

The Element 

% • 

Arsenic is an clement which exists in more than one form, 
resembling, in this r(‘spect, phosphorus, which stands above it in 
the periodic table. In its stable form, it is a steel-grey brittle 
substance of m(‘tallic a})pearance. and has a density 5-7. (‘rystals 
of this meUdlic form belong to the rhomhohcdral syst(‘m, and appear 
to be isomorphous witli antimony and bismuth, and possibly also 
with red j)hosphorus, altln ugh this point has been disputed. ^ If 
ordin»*ry arsenic*, is sublinuid, there is obtainc'd, in addition to 
rhombohedral arsc'nic, a black or grey “ vitreous ” form, apparently 
amorphous, and much less ('a'lise, thc^ specific gravity being about 
4-6. If heated at about 300'’ C., the amorphous form crystallizes, 
yielding the ordinary metallic; variety.- The “ vitreous ” variety is 
sometimes described as an allotropc^ ; but, if it be truly vitreous, it is 
best not to employ the word “ allotropy.” 

Another cfistinct variety of arscmic is, howc;ver, known ; this 
is yellow arsenic. It is often formcHl when a tube containing arsenic 
vapour is cooled suddenly b(;low O' C., and can also be produced in 
other ways. Several cxperimenter« have, however, failed to obtain 
it under the conditions laid down by the earlier workers, and have 
even questioned its existence. Such cases cjf apparent discrepancy 
are often met ivith in the prej)aration of nic^tastable products (e.g. the 
metastable hydrates of salts), and seem to show that the production 
of metastable bodies depends upon some factor not fully appreciated. 
The existence of yellow arsemic is perfectly well established,^ and 
it can actually be obtained in crystals^ by (jrystallizatien from a 
solution in carbon disulphide at the low temperature of 70° C. ; 
it crystallizes in the cubic system. Even at — 60° C. yaUow arsenic 
begins* to turn brown o^ng to transformation to the stable 

1 W. Hittorf, Ann. Phya. 126 (1865), 193, says that it is probably isomor- 
phous with red phosphorus. B«t G. LiucK, lier. 32 (1^99), 888, donitis that 
ordinary crystalline arsenic is iaamorphous with rAi phosphorus, although 
suggesting that “ mirror-arsenic ’’•may be. 

• For Jurther details of thif hroversible change, see P. N. L,aschts<3horiko, 
Thns. Ch^ Soc. 121 (1922); 972. 

» G. lAick, Ber. 32 (1399), 892 ; H. Erdmann atf 1 M. von Unruh, Zeifsch. 
Amrg. Chem. 3i (1902), 437. • 
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modifica^n : the chapge takes place at stili lower tc^nperaturgs 
( — 180° Cf ) it thoiydilow arsenic ifi r^xpc^sed to light Yellow arsenic 
is probatty isomorphous with yellow phosphorus, and also resembles 
yellow phosphorus in being soluble in carbon diAilphide— -a property 
which illustrates the non-metallic character of this* variety of 
arsenic ; ^rue metals do not dissolve, without transformation, in 
such solvents. ^ ^ 

It is interesting to notice that the yellow unstable form of arsenic * 
appears under certain conditions to be formed momentarily, even 
at ordinary temperatures. For instance, when a' s^Mutio^h of 
arsenious chloride containing free hydrochloric acid is reduced with 
stannous chloride, a brown precipitate of ordinary arsenic is 
produced. There is, however, distinct evidence that the precipitate, 
which is yellowish at the moment of for^ijation, consists at tot of 
the yellow form, but that it passes almost immediatcTly into the 
stable brown variety.^ 

Ordinary metallic arsenic conducts electricity fairly well ^nd ih 
this respect r(!sembles the typical metals. When heated it 
volatilizes at about 450° (j. under atmosjdieric pressure, passing 
into a vapour without the intermediate passage through the 
fluid ; under increased pn^ssiire, however, it may be melted to a 
liquid. The melting-point of arsenic ii;^ 830" C., but the liquid once 
melted can be cooled 40° to 50° below this temperature without 
Holidifying.2 The density of arsenic vapour varres with the 
temperature. At 000° C., it seems to indicate the pnjsence of As* 
molecules ; at 1,700° C., these would appear to bo practically entirely 
split up into simpler Asj molecules. The vapour has a yellowish 
colour, and an odour similar to that of garlic ; it is very poisonous. 

Ai’senic is undissolved by dilute acids ; it is, however^ readily 
dissolved by the oxidizing substances, nitric acid or, concentrated 
sulphuric acid. It .remains unchanged when exposed to the air at 
ordinary temperatures, but if heated it oxidizes readily, white 
clQuds of arsenious oxide being produced. A great deal of heat is 
developed and a bright flame is generally produced. Arsenic has 
, considcmVle afflnity U^r chlorine and takes fire spontaneously when 
introduced^ into the gas. 


Laboratory Preparation. The element is best^^btained by 
heating the oxide ^I'ith carbon ; metallic arsenic volatilizes, and the 
vapoiv* may Be condensed, in, a cool tube! If wet method be 
preferred it is possiolc to reduce a so|,u{ion of arsenious chloride by 
means of sta^nnous chloride, arsenic then being obtained as a brown 


precipitate. 


' R. G. PuTTfiat. Trans. Chem. Soc. 115«(1919), 134, 
• W. Heike, M Ziitsch, Met. 6 (1914), 108. ti 

t • ♦ 
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^ 11 uiuy t. aiimiJ quantity of pure metalltc arsenic be required to 
demonstrate ita chemical reac^tms, it is co.ivrniep't fo use the 
shinning mirror of arsenic obtained by passing through* u. heated 
tube a current of nydrogen containing arsenic hydride (prepared 
by the act'on of sulphuric acid containing an arsenic salt upon 
sfmc). 

Compounds 

'Bie cb' of compounds of arsenic correspond to the oxides AsjOj 
and AsjOj, in which arsenic has a valency of 3 and 5 respectively. 
As would be expected in an element of such weak metallic [)r()])crties 
as arsenic, the basic charactcT is very feeble, and is confined to the 
If)wer oxide. On tlu' other hand, both oxid(‘s dissolve in alkalis, 
forming &%lts known as the arsenites aiid arsenates, which are 
analogous to the j)hosphitt‘s and phosphatt^s ; the acidic properties 
are, of course, best developed in the liiglier oxide. 

A. Compounds of Trivalent Arsenic (Arsenious Compounds). 

Arsenious oxide {vMte, arsenic), As/l^, is fornn^d when eltunental 
arsenic or the suljihide is heated in air. It is a wliito solid, which 
volatilizes easily when lic 'ted. Th(5 densit}^ of the vapour corre- 
sponds at very high temperatures ( 1 , 800 '^ 0.) to the simple formula 
AS.2O3, but^t lower ranges the complexity of th(‘. gaseous molecule 
increaies, and the vapour density seems to show’ the existence of 
As40fl. Arscmious oxide is known in m<»re than one form ; when 
it is sublimed in a tula of wdiich the temperature exceeds 400 ° C. 
in the lower portions, but is only 290 ° C. at the top, a cubic crystalline 
form is deposited in the highest and (coolest portions, a rhombic 
form in the middle, whilst, at the bottom an amorjihous, vitreous 
variety of white arsenic is obtained. This vitreous variety is 
transparent, but if exposed to air for any length of time it becomes 
opaque, owing to crystallization. One important -I stinction 
between the amorphous and the crystalline var ieties is tha,; wthe 
former, if heated at atmospheric pressure, passes into tho fused state, 
whilst the latter volatilizes without fusion. Tho vapour 0’ tain^d 
from botl^ forms is, of course, tho same. ' 

Arsenious oxide is slightly soluble in water, yielding an acid 
solution ; it is more readily soluble in hydrochloric acid, and also 
in caustic alkali. A s^ution cf arsenioug oxide has reducing 
properties, and reacts with iodine or chl-omic acid, the arsenic 
passing into the pentavaleftt condition. • 

* Al^lnious Salts. The basic properties of arsenious oxide 
as has beeg remarked, exceedingly ^efbr.}, and no salts exist 
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in water in the abseAce ol free acid, since they*would at.^ce suffej; 
hydrolysis* "pie ^act tiat arsenidi^ oxj^de is sJ> mu^ nfbre soluble 
in hydrochloric acid than in water points to the existence^, of 
arsenious chloride (AsClg) in the solution ; b(it any attempt to 
obtain the chlor'de by evaporation merely lead? to thf OiX^ulsion of 
hydrochloric acid vapour, arsenious oxide being left behind. The 
chloride may, however,* btf obtained by heating arsenious oxide with 
sulphuric acid and sodium chloride. The last two reagents produce 
hydrogen chloride which reacts with the arsenious oxide to form 
arsenious chloride ; the chloride distils away, the wate/ for^ned 
simultaneously being retained by the concentrated sulphuric acid, 
which thus serves to prevcuit hydrolysis. The same chloride is 
formed, together with the pentachloridc (AsClj) by the direcf 
action of dry chlorine on metallic arsenic. Jt is a colourless volatile 
oily liquid, boiling at 130'" 0. When addcxl to water, it suffers 
hydrolysis ; if only a small quantity of water is present, a basic 
chloride is formed, but excess of water eaus(‘s complete dissociation 
into arsenious oxide and hydrochloric acid. The dense white fumes 
emitted when arsenious (ddoride is e.\i»osed to daipp air consist, 
apparently, of a basic chloride. ^ 

Arsenious oxide is insoluble in dilute sulphuric acid, but, when it 
is acted upon by concentrated sulphuri('- acid containing excess of 
sulphur trioxide, crystalline compounds of the general formula 
AsgOa.wSOg are formed. These may be looked upon as acsd sulphates 
of arsenic ; but they are very unstable, being at once decomposed 
to arsenious oxide and sulphuric acid on the addition of water. 
Probably the only soluble- oxy-salt of arsenic which can bo isolated 
in a solid state b}^ crystallization from an aqueous solution is the 
double sodium arsenious tartrate Na(AsO) H4C4O9, obtained 
when arsenious oxide is acted on by boiling sodiupi hydrogen 
tartrate ; this is probably a complex salt containing arsenic in the 
anion. It is aiifilogous to the well-known antimony salt, “ tartar 
emetic,” K(Sb 6 )H 4 C 4 O 0 ,nHaO. 

of the insoluble compounds of tri valent arsenic, the sulphide 
deserves yiention ; this is formed as a bright yellow precipitate 
whf n iiydr^Jgen sulphide is bubbled through a solution of arsenious 
oxide contaifiing hydrochloric acid. In the absence of acid, a 
colloidal 8 o![ution of arsenious sulphide is “produced, which deposits 
the precipitate when a suitable electrolyte is added. It is a typical 
negativd colloid, the particlbs 'owing tiieir charge to adsorbed 
anions, probably (HS)', derived from ^he hydrogen sulphide. Ir 
considering the flocculation of the pol by the addition of an el^tro- 
lyte, it is the nature of the cation which is \)f importance. ^Salte 
of diWilent metals' like^'bariqm are more effective than salts oi 
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igonovalerri 'metalfi iike potassium, whilst the salts of trivalent 
metals sucfl as'alumlnium «r^re effective jtiil. following 
tal^* shows the re 8 j)ectivo concentrations of the chloridies of the 
three metals needeti to cause flocculation of an arsenious sulphide 
sol under ^thcr. same conditions: — 

Potassium chjoride . . 4J)‘5^ millimols per litre 

Barium chloride . •. 0 6&1 ,, ,, 

Aluminium chloride . . 0*093 ,, 

The suJphfde can be obtained in an orange crystalline form by 
sublimation of the precipitated variety. Arsenious sulphide (like 
stannic sulphide) is soluble in ammonium sulpbidc', a complex 
ammonium arsenious sulphide (usually known as ammonium thio- 
aTsenite) being formed. Similarly it dissolves in caustic soda or 
potash, fofming a mixture of arsenite and tbioarsenite. 

Arsenites. Arsenious oxide is freely dissolved by boiling 
caustic alkalis and ammonia, and from the solution soluble arsenites 
may bo obtained by crystallir.ation. For instance, ammonium 
arsenite, NH 4 ,^s 02 , is^obt^hud by dissolving arsenious oxide in 
concentrated ammonia^ It is a colourless crystalline substance, 
very soluble in wat(T. ''J’be arsenites of the lieavy metals are 
mostly insoluble, and majf be obtained by the precipitation of a 
solution containing a salt of the metal in question with ammonium 
or sodium arsenite. Copper arsenite is green, the ferric salt roddish- 
brown,*and the calcium salt white ; silver arsenite again is a yellow 
precipitate. In many cases there exist several distinct arsenites 
containing varying amounts of the component oxides. 

B. Compounds of Penta valent Arsenic. 

Arsenic nentoxide, AsgO^. The compounds of pentavalcnt 
arsenic are less well developed than those of phosphorus. Arsenic 
when burnt in air gives rise to the lower oxide only, although the 
combustion of phosphorus leads to the formation of iho pt ntoxidii. 
Arsenic pentoxide can be produced by the oxidizing action ’’of 
nitric acid on arsenious oxide ; the solution obtai.iei^i .^^ields oi^ 
evaporation ortho-arsenic acid (see hdow), and this is, convex ted, to 
the £«ihydf 0 U 8 oxide by cautious heating. The penioxide is a 
white deliquescent solid. * It dissolves in water, giving a syrupy 
liquid, which deposits a hydrate* on cooling. This^hydrate has aq 
empirical composition As206.4H3O,^ but gradually loses wat^-r upon 
gentle heating, passing to *prfeho -arsenic acid, AsjOj.SHjO ^r 
l^sAsQi. On further gentle heating the remaining -w^ator is driven 
off ; it,is stated to bd driven off in definite stejft, so that pyr®- 
^ Ht Freundlich, Zeituch. Phy8,*Ch\,m, 73 (1910), 384 
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arsenic acid AB2ds.2lifi or H^As^Of is first profkfeed, the^ 
meta-arsinif acid Asjbs.HaO oitHAsQa, and dnall/ thcfanhydrous 
oxide As^ j. Those three acids correspond to the ortho-, pyro- ji^nd 
meta-phosphoric acids. « ^ 

Arsenates. 'The soluble arsenates are formed arsgnio 

pentoxide pr the syrop^g solution (arsenic acid) is treated ^th 
alkali. The insoluble arsenates are fa"med by precipitation ; the <, 
silver salt, Ag3As04, is red- brown, and the lead salt, PbjAsOi, 
white. Most of the arsenates correspond in composition witl^ the 
orthophosphates, and are isoraorphous with them. But*'there are 
also pyro-arsenates and mota-arseiiates, which correspond to the 
two acids mentioned above. When a soluble arsenate is precipitated 
with a magnesium salt in an ammoniacal solution, a double 
magnesium ammonium ortho-arsenate is recipitated, which gives 
magnesium pyro-arsenate upon ignition 

2Mg(NH,)As04 Mg^As A 4 2NH, + H,0 

An exactly analogous change is observed in the case of the phos- 
phorous compounds. The similarity bolween phosphates and 
arsenates is further shown by « the fict that wiren ammonium 
molybdate and nitric acid arc added to a* solution containing an 
arsenate, a yellow precupitato is obtained. 

Arsenic Salts. Basic properties are almost absent from 
arsenic pentoxide, which does not form salts with any oxy-acid. 

A pentachloride of areenic, AsClfi, probably exists in the |)roduct 
obtained on saturating licpiid arsenious chloride with chlorine, but 
it has not been obtained in the pure state. Arsenic pentasulphide, 
A82S5, is formed (is an insoluble yellow precipitate when hydrogen 
sulphide is passed into a solution of arsenic acid containing. Ijydro- 
chloric acid ; like arsenious sulphide, it is soluble ip ammonium 
sulphide. The coippound formed is known as ammonium 
thioarsenate. 

C> Lower Compounds of Arsenic. 

Besides ^rsenious sulphide (As^S^) and arsenic sulphide (A's^Ss), 
a,lo^er sulrliide exists. This body, which has a composition 
expressed by the simple formula AsS, is obtained by heft^iing sulphur 
and arsenip in the right proportions, or b^ heating arsenious sulphide 
^(AsjSa) with arsenic. Orange crystals of AsS sublime. This 
sulphide is very stanblp, as is shown b)»the fact that it occurs in 
nature (realgar). * * 

A still lowftr sulphide, AsjS, Ivie been described,^ but it^seenja 
ar little doubtful* whether it is a definite* chemical indiviJly^l. 

» A. Scott, Ohem, jStoc.^77 (1900), 65U 
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D. MisQ^^o^us Gompound^» 

Arsenic Hydride. When an arsenic compound iK^added to 
dihlte sulphuric acid and a piece of zinc is immersed in the liquid, 
the hydrogen produced is found to contain a gtisoous hydride of 
arsunic, Sometimes known as arsine, AsH.,. The arsine confers 
upon the gas a pC9uliar smell rescinbling'/iiat of garlic * When the 
gas is passed through a hhated tube, the arsine is decomposed, 
and a bright mirror of metallic arsenic is formed. When, on the 
othtW haAd,*the ga& is ignited, it burns with a pale bluish flame ; 
the arsemic as well as the hydrogen becomes oxidized, water vapoiu' 
and fumes of arsenious oxide being produced. But if a cold 
porcelain surface be held in the flamCj a local lowering of temperature 
fs caused, and tlu'- eoinplete oxidation of the arsenic does not occur ; 
a black deposit of tlu' element is, therefore, formed on the porcelain. 

When passed into a dilute solution of silver nitrate, arsine is 
oxidized to arsenious oxide and l)lack metallic silver is formed. 
But', if })assed into a stronger solution of the silver salt, a yellow' 
precipitate, said to he^e the composition Ag:,A«. 3 AgN() 3 , is pro- 
duced ; this is <1. double arsenide and nitrate of silver. 

Arsenic hydride is niuch more stable than the gaseous hydrides 
hitherto considered, as is to be expeeb^d in view of the more 
pronounced non-me-tallie characUT of Iho arsenic. The hydride 
may, in fayt, be prepared pure and undiluted with hydrogen, by 
the a(Jtion of a dilute acid on zinc arsenide ; but the preparation 
is extremely dangerous — owing to the poisonous character of the 
gas— and has cost the life of at least one chemist. 


Arsenides. Arsenic, hydride Inay bo regarded as a weak acid, 
corresoonding to the metallic arsenides, just as sulphiu-ettod 
hydrogen corresponds to the sulphides. The arsenides cannot 
in every case be prepared by the action of arsine on the aqueous 
solutions of the metallic salts, since many of them would bo hydro- 
lysed by water. It has* how'ever, been stated above that a double 
nitrate-arsenide of silver is formed when arsine is passed ftito 
concentrated silver nitrate solution. The prsenides of jj^otassium 
(KsAs) and sodium (NaaAs) are produced when arsine is passed 
overjthe ’t^spootive metals. Arsenide of zinc, Zn^As^, is prepared 
by allo5dng together zitic and arsenic, considerable heat being 
evolved when they combine. A grey deposit of copper arseni4e, 
CugASj, is produced wheti a solution of an arsenious conipound is 
reduced with metallic copper • the same arsenide is formed when 
arsiije is passed into a copper „salt solution. * 

Tl^e Arsenides of zinc, sodium and potassium are decomposed 
by dilute a^ds with the production pf ursine ; this is, in fftet, the 
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best way to produce pure^ arsine. If sodium arsenide is ^compose^ 
with water^a f^^conal Xy(}ride, AsH? is sai^ to be^prodflcecf, feeing left 
behind a»>a solid brown mass when the gaseous AsHg has pa^ed 
away. ^ ' 

Organic Derivatives of Arsenic. Many organic ^jompoupds 
containing ^irsenic are ajso known. One of the most important 
is cacodyl oxide, which is formed when arsonious oxide is heated 


with anhydrous potassium acetate, 
iiquid contains 

The ovil-smolling and poisonous 

/As(CH,): 

. . o<; 

^As(CH,), 

Cacodyl oxide . 

and 


Cacodyl 

As(CH3Va 

1 


1 

^ As(CH3)2 


The former is a basic substance, and forms salts with acids, jlany 
compounds of a similar natwe arc ki^}wnf 


Analytical ^ 

The detection of small quantities of arsenic is a matt/cr of 
considerable practical importance in the examination of foods or 
organic matter which are suspected to contain traces hi the 
poisonous substance. One sensitive method known as the Marsh 
test depends upon the formation of the gaseous hydride. Zinc is 
acted upon by sulj^iuric acid in a flask and the hydrogen formed is 
made to pass, first through a drying tube filled with calcium cWoside, 
and then along a glass tube, which is gently heated ^ one point 
with a flame. If the tjolution in the flask contains arsenic, a metallic 
mirror of arsenic will be produced at the heated point of the tube, 
owii^g to the decomposition of the arsine mixed with the hydrogen. 
Shbuld a mirror be produced before the addition of the body to be 
tested, it ^vjll be known that either the zinc or the acid cMarly 
contaiils aree^'c and the materials are unsuitable for the test. If, 
however, the zinc and acid are found to bo arsenic -free, thaftubatance 
under examination (off more often a decoction of the latter in dilute 
hj^drochloric acid) is run into the flask through a tap-funnel ; and 
if subsequently a miR*qr is produced, thd arsenic must have been 
intf oduced with the substance under examination. If the decoction 
is added slowly, the whole of the ajrsenic is reduced to metal ai the 
heated portion of the tube, and, by comparing the mirror pr(^uced 

* J. V. JancMslty, Ber. 6*(1873), 220. • 

• * 
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with Btai^ard mirV)rs produced from Ino^n quafifcties of the 
poison, H aougph estynation of amount ^present i» ptssible. It 

is best to examine the mirror cncmically to ensure ftiat it consists 
of Arsenic, and no^ of antimony — another element whicli forms a 
volatile hydride ; one mothoc! depends on the fact that sodium 
hy}jOchl5lite 'Speedily dissolves the arsenic mirroi, but only slowly 
diBsolvcs antimony. Another distinguislr/jig property ii the greater 
• volatility of arsenic. • 

In the Gutzeit test,^ the acidified solution to be tested is treated 
witfii zin^^, preferably in the i)resence of stannous chloride and 
ferrous salts (ferric salts should be absent). The mixtui’e of 
hydrogen and arsine evolved is not sent through a heated tube — 
as in the Mai’sh test- — hut is first ])aKsed through lead acetate 
Solution (to remove hydrogen sulphide) and is tluui p(issed up a 
tube containing a strip Oi })aper soaked in mercuric chloride solution 
which becomes darkened by the action of arsine ; the darkening 
is duo to the oxidation bt the arsine by the mercuric salt, and 
consequent precipitation of metallic arsenic. The distance up the 
strip to which darkenyig extemds gives a measure of the arsenic- 
content. Th(i*fniiction of^lie tii^ ^alt app(^ars to be that it sets up 
a zinc-tin couple which ensures the complete reduction of the 
arsenic to the stab) of ar^ilne ; it also serves to reduce any ferric 
salts to the ferrous condition. 

An old test for arsenic introduc(‘d by Reinsch has also been 
adapted for the (‘xamination of foods.-^ It depends ujion the reduc - 
tion of arsenical conqxmnds to cojipiu- ansenide by the action of 
metallic copper. The substance to be tested is acidified with a 
.standard quantity of hydrochkiric acid, and copper strips are 
allowed to stand in it for a specified time. Aiterwards they are" 
taken out and dried, and then heated in a hard-glass tube. If 
any copper arsenide has been formed, this is decomjiosed by the luait, 
and the arsenic, subliming, condenses— mainly as oxide— on the 
cooler parts of the tubes. For rough quantitative purposes, this 
deposit may be com|)ared with standard deposits produced by kftiiwn 
amounts of arsenic under similar conditions. 

For the gravimetric separation and estimation of^ ars-^nic iii, 
larger quantities (for instance, in minerals or alloys containing 
arsemc) tlie following method is used. The solution, acidifted with 
hydrochloric acid, is saturated with sulphuretted^ hydiogen, when 
the arsenic, together witjn various, other mejals, is precipitated lis 
• • 

* A convenient form of this tesi is described by W. S. Allen and R. M. 

JPalnAr,^h Int. Cong. App.^^Chem. (1312), Sect. I, p. 9. In some of the older 
forms the test, silver nitrate is used in the place o£*mercuric chloride. 

* A. 8. Del^ino, J. jSan. 23 (1902), • 
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sulphide. M the folplides produced, howiver, on^ those of 
arsenic, aatimon;^ |nd tin (unj^js the rarqf meiyb(ieilum anS 
germaniu|n afe present) are soluble in a!nmonium sulphide. These 
three metals can be separated in tjie manner flready indicateS in 
the section on tin. The metals are converted to the highest state 
of oxidation by* means of chlorine gas acting upon atf alk^ine 
solution ; then the soiuiaon is made acid with^iydrochloric aMd, 
boiled to decompose chlorates, and* cooled in ice. Hydrogen 
sulphide is now bubbled through the cold solution. Under these 
‘circumstances, only the arsenic is precipitated and mi:^ be fill^red 
off. 

When the arsc'iiic has been separated from other metals it can be 
converted to the state of an arsenate, and then precipitated with a 
magnesium salt in the presence of ammonium chloride anS 
ammonia ; the precipitate of ammoniflin magnesiunt arsenate 
should be dried at 100‘^-120”C., and afterwards ignited carefully; 
it yields magnesium pyro-arsenate, Mg 2 As 207 , in which form 
arsenic can be weighed. To guard against any possible reduction 
of arsenic, some authorities advocate ^jidd’iig ammonium nitrate 
to the precipitate before ignition ; others say that there is no 
reduction, if the precipitates is ignited with ])rop(T precautions.^ 
To guard against loss liy volatilization, it is customary to place the 
crucible containing the precipitate in a larg(‘r erueihle, and gradually 
to raise the latter to a red heat. , 

Alternatively arsenic can he reduced to the arsenious ecMdition 
and titrated with iodine. 

^ Terrkstrial Occurrence 

The arsenic present in rock-magma accumulates — like most ot/her 
metals — in the last solidifying portions, and is expelled with the 
thermal waters in the final stages of consolidation. Most of it is 
deposited in the fissures through whicji the w'aters rise, but 
occasionally a mineral spring will be found still to contain the 
element when it issues out of the ground. For instance, the waters 
vpf a hot spring in the Ydllowstone Park - deposit, where they emerge, 
the sulphides-' 

Realgar . . , ^ 

and Orpiment . . . . . AsjSa 

* V * ** 

The ^ame sulphid^s^are commonly fcKind in the mineral veins 

» See Sir W. CVookes, " Select Methods of Chemical Analysis ” (Lon^ans) ; 
F. P. IVeadwell, ''Analytical Cheinl&try [translation by W.« 'Iv 
(Chapman & Hall).' ^ » • 

* W.'-H. Weed and L. 'V.'Pirssc^i, Atner. J, Set, 42 (1891), 4pi. 
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which rej'^gent old^ fissures through which Mierma# waters have 
frisen imf^rmiiT geological eras^;j^they are »respectiv®ly •orange-red 
and lemon-yellow minerals,* very soft, and easily fusiBle. Elemen- 
tai^^ arsenic is alsO|fo«nd in some of the veins. Since the waters 
arising from an igneous mass invariably, contain many other metals 
besides dl jeiuh, wo generally find arsenic intimately mixed with the 
orts of other metejs ; the two minerals mentioned above are found 
• especially in the ores of lead and silver. Small amounts of arsenic 
are, however, very commonly met with in the ores of almost, all 
thotiheavicr mietals. Very often we find minerals containing both* 
arsenic and another metal. The commonest arsenic compound is 
Mispickcl (Arsenopyrite) .... FoAsS 
mineral with steely metallic lustre, crystallizing in the rhombic 
system wlyre free develo^jrnent has been allowed, but often columnar 
or compact. It is a very common accompaniment of the ores of 
lead and silver, and is ajso found in tin-ores ; it is frequently 
asso(?iated with pyrites, to which it is obviously allied. 

Certain natural com|]^cx sulphides containing copi)er and silver 
have been m(in''h)ned*inv(th(' sections devoted to those metals ; 
th(‘y incliuh* • • 

Enargite • •• • • • CU3A8S4 

and Proustite ..... AggAsSg 
In some ca^es these minerals may be of secondary origin. 

In a*ldition, various arsenides of nickel and cobalt are found in 
the complex ores of nickel, cobalt and sil\Tr, such as exist in Ontario, 
and also in Euro].)(^ (Saxony and Bohemia). These minerals, which 
have already lx‘en referred to in®the sections dealing with cobalt 
and nickel, include : — * ' 

Smalt^te CoAs^ 

Cobaltite , . CoAsS 

Niccolite NiAs 

Chloanthite . * NiAs 2 ^ 

In the upper oxidized portions o^ arseniferous ores, we find 
arsenious oxide, usually in whitish crusts or in an ciithy fornv 
but occasionally in octahedra (cubic sy.stem), in wlfxdi* form i^ is 
know«r as* ' ^ 

Arsenolite * . AsoO, 

A second, monoclinic forti, is kndwd as , ’ 

Claudetite . • • • • AsjOs. * 

• Arsenates of iron, calciura, magnesium and manganese are ahio 
produced byjoxidation of arsenical minerals Containing these metals. 
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Seeing iMv arsenic iwso widely di8tribute(J in min^j^l deposits, 
we may e»pe«t to find traces of it in the waters of ayer%\which ariSe 
in hills contifining mineral veins. Ar^nic is present in a minute 
quantity iti many parts of the sea, the amf)uqb varying from t)*01 
to 0*08 milligrams per litrp ; inarfy deposits of rock salt contain 
traces of arsenic.^ * , 

^ t f *• 

Technolog V and Uses 

Manufacture of White Arsenic. The result of the pccurience 
of arsenic in small amounts in most metallic ores is that most of 
the arsenic required for industrial purposes is obtained as a by- 
product of other metallurgical industries. Where the demand for 
arsenic exceeds the supply provided in this way, arsenical or(^, 
such as mis})ickel, can bo worked to pit?vide a furthc'T quantity. 
The process employed is very simple ; the ore is roasted in a rotary 
caleiner, or a reverberatory furnaet', and the gases leaving the 
furnace, which contain the volatile arsenious oxide, are conducted 
through dust-catchers where much of ^he “ wliite arsenic ” is 
deposited, and linally — in many eases — through 'an ek'ctrostatic 
precipitation plant. During the war — owii'ig to the special demand 
for arsenic — a considerable ars(‘nic im^istry sprang uj).- 

Und(‘r normal conditions, lu>wever, the by-product arscmic is 
sufficient for most of the world’s needs. The fume obtained from 
th(^ roasters and blasf-fm‘mu;es used in the ordinary smulting of 
ores of co])per, lead, zinc and tin is rich in arsenic. Wherever, in 
addition to— or in the place of — the ordinary dust-chambers oi 
bag-houses, an electrostatic ckist-preeipitation plant has been 
instiilled, the yield of arsenic has increased, and the state of the 
atmosphere around the works luus greatly improved, TlTe ^dte 
clouds that are sometimes seen hanging over districts \v^iero arsenical 
ores are smelted, ednsist largely of fine particles of white arsenic 
on which, no doubt, moisture has condensed. 

, Cue of the most important sources of white arsenic is provided 
by the fumes of the copper works in Montana and Utalv^ ; at 
Anaconda^ Itor instance* an electrostatic plant has been erected, and 
the dust collected in it contains much arsenic. The dust obtained 
from smelting an arsenical copper-ore may bo treated in a‘‘re^rbera> 
tory furnace, where it is again subjected to a distillation process, 
The arcenic, lead and zinc Lro- volatilised, but, of these, the lead 
apd zinc are deposited for the most part in the first set of dust- 

V 

* A. Gautier, Comptea Rend. 137 <.(1903), 232, 374. 

* C. A. Doremus, Tran.'*. Ainer. Kkctroch^n. ^>Soc. 35 (1919), 187. 

Ind. 28 (19191f, ; A. E. Wells, Min. Ind. 30 (1921), 40. 
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catchers ; ^en the# gases are cooled aftd j^assed ^firough the 
electrostiltia p^fit~^n order to^gatch the«wlpto arseiiia. 

Ifi the recovery of white tlrsemc from araenical austTy i^sublima- 
tio^, careful regJlation’of the draught, and careful attention to the 
rate of cooling of the gases is necessary, ^ince othorvdso the arsenic, 
antimonf^and lead are liable to be deposited together. ^ 

¥he complex or<^ of silver, cobalt, and nitl^l occurring in Ontario 
(Cobalt region) yield a considerable quantity of arsenic as a by- 
product, since the main cobalt and nickel minerals of these ores^are 
actually ^rsCnides. The treatment of these ores has already boon * 
discussed in the section on cobalt (Vol. Ill, page 166) ; but it may 
be recalled at this point that part of the arsenic is removed by 
sublimation as white arsenic dining the smelting, whilst a further 
j^ortion is removed at a later stage by fusing the “ speiss ” (or 
mixture of arsenides) wTlh sodium carbonate and sodium nitrate, 
sodium arsenate being thus produced. 

• Manufacture of Metaftic Arsenic. Mi tallic arsenic is easily 
obtained by the distillation of a mixture of white arsenic and carbon. 
The distillatioi^is often “cascied out in a retort consisting of a large 
steel pipe set in a gas-fir^'d furnace ; the vapour of arsenic condenses 
to large crystals of metallic arsenic on the sides of a water-cooled 
condenser,'^ The temperature of distillation is about 650-700° C. ; 
a little arsenious oxide is apt to pass over michanged. 

Use^ of Arsenic and Compounds. Metallic arsenic is mainly 
employed for alloying with load, in order to harden it. Arsenical 
l6ad is often used for making shot. Arsenic is added intentionally 
to copper and bronze as a touglyjner ; the copper employed for 
locomotive fire-boxes, for instance, usually contains arsenic. The , 
el'©«tro deposition of arsenic — with or without nickel — is sometinnes 
employed ta give a dark “ oxidized ” finish to brass articles. A 
bath containing potassium cyanide, sodium phoephate and arsenious 
oxide is employed. If arsenic alone is present, a bluish-grey deposit 
is obtained, but in the presence of nickel a good black effect bo 
produced.^ 

The employment of arsenic compounds depends maialy on their ^ 
poisonous character. Arsenious oxide (white arsenidjk alid sodium 
arsenite afe used in ilfE-poi^ons, insecticides, wocd-killerrf and sheep- 
dips. Various mixtures containing arsenites'of copper are also 
used as insecticides. At one thnp, ^popiier arsenHo was used in^ 
colouring wall-paper, but*t}iis paper was foifhd to be dangerous. 

» • ^ 

* ^ Compare E. C. Williams, .Vng. Min. J. 110 (1925), 671. 

' C. H. Jones, Met* Chem. Eng. 23 (1920), 957t 
^ » Met. Ind. 21 (1922), 467. t 

M.O.~VOL* IV. • “ * 
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Through the iotion (tf cet^rni moulds, ^ the arse^c may converted 
to a volatile eomooiyi(h which h^^been ident^ed ^ eiiiyi-cacodj?! 
oxide and may cause* syn^toms of arsenic-poisoiling 

to those living in rooms decorated with such p^per. Consequently 
arsenical wall-papers are np longer used in this country, although, 
in tropical countries, such wall-papers are sometime usW inten- 
tionally — o'.'/ing to thojr insecticidal properties. ^ 

Arsenic in Medicine. Many of the complex organic compounds 
of arsenic “ are of great value in medicine, and the number of useful 
arsenical drugs has increased greatly owing to continued resd&rch 
on the subject. The object of the investigations is usually to 
discover a compound which is, as far as possible, innocuous to the 
human systcun, but which is effective in de.stroying the protozoa, 
which arc the immediate cause of certain diseases. Compounds of 
j)enta valent arsenic were largely used at one time, and one of these, 
“atoxyl,” NH2.CeH4.As0(0H)0Na,a:H20, is still largely used in the 
treatment of sleeping sickness. For other purposes, the compounds 
of trivalent arsenic have proved more effective, and particularly 
the derivatives of the base , « 

C«H2(0H)(NH 2)As As.CeHa(OH)(NH2). 

The hydrochloride of this base is knowiioas “ salvarsan,” whilst the 
methylene-sulphinate 

CoH3(OH)(NH2)x\s : As.CeH3(OH)NH.CH2.O.S0Na 
is called “ neo-salvarsan.” Several other drugs containing ttivalent 
arsenic have proved valuable ; one of them (“ luargol ”) conta:"« 
silver as well as arsenic.'* 

c 

Technological Significance of the widespread Distribution 
of Arsenic in Minerals. Far more important than the atimal 
utility of arsenic is the effect upon industrial proftesses of the 
oeeurrenco of arsenic in so many valuable minerals. Where arsenic 
occurs in ores intended for smelting it nyist— as already stated — 
be removed at some stage during the metallurgy, since otherwise 
the mechanical (or, in the ease of copper, the electrical) properties 
of the miitrd produced^are apt to suffer. Where arsenic occurs in 
minerals used for the production of chemicals, the chemicals 
obtained from such minerals are likely, to contain arsenit; For 
instance, iron pyrites almost always contain arsenic, and the 
snlphuric acid /nade fi’om an arsenical type of pyrites by the old 

i p 

P. Klaaon, Ber, 47 (1914), 2634. . 

• For details and methods of preparatfon see G. T. Morgan, *' Organic 
Compoimds of Arsenic and Antimony'” (Longmans, Green). ^ 

* A. Renault, L. Tovruier, and L. Gu6not, Cwnptes Rend. 161 (1$^6), 686. 
See aCo DaUmier and L6vy-Franckol, Con^ptes Rend. 162 (1916), 440. 
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•arsenic 

« . 

‘‘ obamber process generally contains arseiic coriji^ounds. In 
1^00, theiisd of,^rsenical acid in the maimfaoturo of gliicojic destined 
for brewing, led to an alai min| outbreak of arsenic-poisoning in 
the north of Eri/;land/ 

Where the sulphur dioxide obtained burning pyrites is to be 
concerted to feulphuric acid by the so-called “ 0)ntact process,” 
tro'Jible of a differetit kind is oxptirienced, «,s the arsenic causes the 
• “ poisoning ” of the platiiftim catiilyst. Consequently the gas 
must l>e purified carefully before it is allowed to entcT the catalytic 
pkii^ — a matter which has already been discusscnlin the section on 
platinum. It follows that the sulphuric acid made by the contact 
process is generally free froin arsenic, and is to Ik* preferred for use 
in the manufacture of food-stuffs, and for otlier purposes wlicre 
the presence of arsenic is undesirable. 

* A. S. Dclt^pinc, J. San. Insl. 23 (1902), 244. 
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ANTIMONY 

Atomic weight . . . 120^2 

• * 

Passing to the next niemher of tife group, antimony, we find • 
an element very similar to arsenic; in most r(*spects, but having a 
hett(;r-defin(‘d metallic; eharactter. Thus the lower oKic^e of <sinti- 
mony is somewhat more bask; and less acidic than the corresponding 
arsenic compound, and the; gaseous hydride is very unstable. In 
some r(‘spects the h(;haviour of antimony recalls that of tin, which 
falls beside it in the Periodic Table, but the elemcmt itself is fffr 
more brittle; than tin. '' • 


The Metal' , ’ 

Antimony is a brittle crystalline meta^, having a bluish-white 
colour and a bright metallic lustre. It iS rather hea\*ier than arsenic, 
the density being ()-7. It melts at 630'' C. •and, although much less 
volatile than arsenic, it gives off an appreciable amount of vapour 
at a red heat. The vapour density has a value at high temperatures 
which shows the presence of Sb^ molecules, but the^ are mixed 
at lower temperatures with more complex molecules. 4 , ' 

The ordinary metallic form of antimony crystallizes in the rhomo- 
hedral system, and is apparerdly isomorphous with the metaiiie 
form of arsenic. Tlie metal es^iands when it solidifies. Wlien a 
mass of fused })tr(; antimony is allowed to solidify slowly in a 
crucibk', the surface bc'conu's covered with numerous ferff-ti’ke 
markings, som(;times taking the form of a star. Thesefmarkings are 
due to the fact that the liquid metal contracts as it cools, and thus 
the dendritic crystals produ('(;d during tlje first part of the solidi- 
fication process are left in slight r(‘lief ; the aspect of the surface 
is greatly modified by tlie ,presenco of impurities. , 

» Thp f&m of the im^rkings has served to indicate the crystalline 
system to 'n^hicli antimony belongs. The^ctual arrangement of 
the atoms in an antimony crystal ha% recently beefl flscfftcained 
by the X^Vay method. ^ The atoms lie “on two interpenetrating 
fac;o-cqntrcd rfiombohedraU space-lattices displaced diagonally 
one from the other * » 

The white, metallic form of anfinH)ny is much the most stable 

** I * • 

^ R. W. James N. .Tunstall, Phil. Afaj7.*40^(1920), 233. Compare A. 
Ogg,‘P/»il iV/oy. 22 (192h)..16^. . ^ 
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Aiariet}^ knp. wii ; a yellow non-metallic nuidification, ^;orjesponding 
to the yellow ff nn fe-f arsoric, been doHcribei ^ but it is ex- 
tremely cbfiicult- to preserve and passes baek readily to the metallic 
variety. Like yellbw arsenic*, it can most easily be produced at 
very low temperatures ; if air or oxygefi ho led intc» liejuofied anti- 
mony hydride at fK) ’ yellow* antimony is fornu-d. When 
^ brought to higher tern peratyres, it turns niaek. Like the yellow 
varieties of phosphorus and arsc'uie, yellow aniimony is soluble^ in 
carbon disul^diidc*. 

A so-called ''amorphous'' form - is also some1im(‘s produced 
when antimony vapour is volatilized in a current of nitrogem, and 
is rapidly condensed on the walls of a glass tube ; it. is a grey 
jipw’der, whicli wh(*n examiiu'd under the inieroseope appears to 
be eoni[)os^*d of clusters yf littb* sjiheres. Sinei* this form of anti- 
mony is not })rodueed when tlu* nu*tal is sublimed in hydrogen, 
it would appear that tin* powder may consist of globules of ordinary 
antimony p^e^ented from ciiah'seing owing to a iilm of nitridi* or 
even of oxide ; if this i^ the ease, it is as misleading to call it an 
allotrope of antimony as b^v all ‘‘ blu<^ powder an allotrope of zinc, 
or “ flowers of mercury • an allotrojieof mercury. The probability 
that this view' is eorreet is increased by th<^ fact that the 
“ amorphous antimony contains only about b8-7 pc'r cent, of 
antimony. 

. The Ho-eirtled explosive antimony (which was m(‘ntion(‘d in 
Chap. Xl, Vol. 1) is al.so sometimes relerred to as an “unstable 
-'ll^trope.” Jt is produced on the cathode, wlu'ii a solution of 
antiraonious chloride in li\droehloj|io acid is electrolysed at a high 
current density. Its jiower of violent disinteg'ation is possibly ^ 
ur^y due to tlio state* of internal ten.sion such as is often m(*t with 
in electro-dc'posited films, ^ but w'hich gives rise to rather sensational 
results in the case of a highly brittle imdal lik** antimony. When 
deposited from aqueous solution it is a grey lustrous coating, but 
if deposited from acetone solution it has a flaky appearance.* In 
both cases the deposit contains a considerabk- amount of antimony 
chloride, probably in solid solution.^ When heated lefcally, or 
even when scratched, it flies to powd(*r with exploisivo violence, 
the diftaolved chlorid#f!eing at the same time evolved a.i a vapour. 

Antimony lies rather towards the ‘ noble ” cmd of the Potential 

Series and is precipitated from a solution of one of its compounds 

• 

^ A. Stock and 0. Gultmann, Ber. 37 (1904), 898. 

• F. H6rard, Comptes Rend. lOf (1888), 420. 

•Compare O. G. Stoney, Proc. lloy> Soc. 82 [A] (1909), 172. 

^ B. C. Falmor and L. S. Paimer, Trans. Amer. Electroch^m. Soc. 16 (1909^/, 

79. • 

• A. Mazzucciielli, Oazettaf 44 fl91^)» 
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by a lesfl^nqble metal, such as tin, iron, or zinc. Jtit^jough the 

clement remains *bfight and urftilFect^d by bir ordinary 
peratureS, antimony burns when heated be|ore ihf blowpipe, drens^ 
fumes of white? oxide being produced. As in* the case of arsenic, 
a good deal of ftaat is evolved in this reaction. Simikrl'y, »pow(Jered 
antimony ^ntrodu(;ed into chlorine gas without previous hea^tJng 
combines with it w'ith evolution of Jieat antf light ; the higher , 
chloride is the chief product. 

Being more noble than hydrogen, antimony cannot ^ring ^bout 
the evolution of this gas, and is unaffected by boiling h;^drochloric 
or dilute sulphurie acid. Nitric acid oxidizes it to a hydrated 
antimonic oxide SbaOg.rHjO (usually with the h^wer oxides). 
Antimoni(! oxide is not suftiiiently basic to dissolve in the exc^s 
of nitric acid, but remains as an insolubli^ white precipitate. Thus 
the behaviour of antimony with nitric acitl recalls that of tin. 

The anodic Ix'haviour of antimony \ is most interesting, since, 
unlike the metals of the four previous groups, it shows “i/alve- 
action ” in numerous electrolytes. In cbntrast with aluminium, 
the jiresence of chlorides in the solution in no v/ay hinders the 
maintenance of the non-conducting film *011 an antimony anode. 
Indei'd in very dilute jiotassium chloride solution an antimony 
anode will withstand a pressure of no less than 700 volts without 
breaking down. 

Laboratory Preparation. The metal may b(? otitaiix^d from* 
the oxide by heating it with carbon, or from a solution by boihng 
with tin in the jircsence of hydrochloric acid ; the latt/Cr methoa" 
gives a dark precipitate of finely-divided antimony. A good 
deposit of antimAny - can be obtained by electrolysis of an acidified 
sul})hato solution, preferably warm, if the current densify i^ot 
allowed to rise too high. * 

If it is desired fo obtain antimony in the laboratory from the 
sulphide (which is the naturally occurring ore of antimony), it is 
p<)J!sible to fuse the sulphide with a mixture of carbon and sodium 
carbonate ; a variation of •-the process is to heat the sulphide with 
cream of 'tartar (a salt which yields a mixture of carbon and 
pbtassiuin carbonate on heating). In case, a button of 

antimony is obtained when the fused ntass is poured ^nto alaiould, 
but a good deal of antimony is lost by volatilization or in the 
“ scoria,” and the ^ yield v«ry pooi;. A much better yield is 
(jbtained by fusing kntimony sulphide with twice its weight of 
potassium fcrrocyanide, under a la;;^r of potassium cyanide, but 
fhe metal prodiiced contains irAn. , « 

1 G. Schilze* Jjin. Phys. 24 (1907), 4?. 

* F. Foerster, Zeitkh, 18 (1912), m 
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^ The profi^ration ^of pure antimony fi^m impure* material can 
be carrfbc o»lf' in ji number diffcrcnl^ w^iy^s. ^ ‘It ipan bo re* 
crystallized a& the complex tartrate, known as tartar* emetic ” 
(^ee below ) ; or alternately it may be brought into a solution as 
chloride or sulphate in the presence •(»£ acid, thp solution Ixnng 
afterwards diluted with a large excess of water, so as to precipitate 
the basic chlorid > or sulphate ; the ]mJ(h sulphate ean be freed 
from arsenic by heating wfth calcium fliK)ride, a treatment which 
eliminates arsenic as a vt)latile fluoride. Having at last obtained 
a ^re rntfmony compound, it is converted to oxide and reduced 
to the metallic condition. 


Compounds 

* Lik(‘ arsenic, antimony forms two s(‘ries of eom]Kiunds in which 
it is apjfan'ntly trival^nt and pentavalent ; they e(MT(‘s])ond to 
the oxides Sb.j (),5 and Sb^Oj. The first -named oxide* is weakly 
acidic and also w('akly faisic ; the pentoxide has a more mark('d 
acidic character, but only the feeblest of bases. Ik'sides these 
oxides, an intermedia^e^oxide, SbO^, with some ill-defined com- 
pounds eorre*|).)ndin^ to it, es^ists. The majority of the com- 
pounds of antimony are colourless, but there are some* exceptions. 

Compounds of Trivalent Antimony (Antimonious Com- 
pounds). 

Antimonious oxide, SbjOa, is formed when the metal is heated 
with limited access (d air, for instance in a loos(*ly-covered crucibh*. 

If heated with full access of air, the product generally contains a 
higher oxide (SbO Two forn^t? exist, being respectively isomor- 
phous with th(' two modifications of arseni(/as oxide. A liglit^ 
tfliwery vari(dy consisting of rhombic crystals is obtain(‘d when the 
heating is not too strong, but at higher temperatures this sublimes, 
yielding octahedra belonging to the cubic system. The oxide 
melts at a red-heat a#d volatilizes about 1 ,5(50"^ C. : vapour 

density corresponds to the double formula 8b/) g. Like so tpuiy 
oxides, antimonious oxide, although practically colourhss when 
cold, is distinctly yellow when hot. * ^ * 

4p„tinionious The oxide is almost insoiu.bIe in water, 

but dissolves in some a^ids and also in alkalis. Tin* solutions in 
acids contain antimonious salts, the bc'st solvents being hydro- 
chloric and tartaric achls. Th^ solution yi the former- (jontaiiik 
antimonious chloride, 'Sb^L, and, wlien distilled, yields /irst 
wa^r, then the excess of Ifydrochloric acid ; lastly* the anhydrous 
^chloqfle distils over. i The cfiloride is a crystalline subst^v^ce, ♦ 
' See H, ^oissan, “ Traits Chiinio/»Iin4ralo " (Masson), Vol.*lI. 
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sometimes liAwn a#“ lilitter of antimony,” w^iich me^ at 73° IC!^ 
and boils rbaut 223° (k Althougl^ readily h;^drojj|«^>jaf 1^ water, 
it is very, soluble in hydrochloric acid, ♦the concertiratcd solution 
being rather heavy, ^^en the sol^d chloritle js Seated with un- 
acidified wat J:*, or even whrn the solution in hydrochloric acid is 
diluted with much water, hydrolysis occurs and insolilblo basic 
chlorides apj formed, « >7io basic chloride— or ^mixture of b^Sfic 
chlorides— prepared in this way is soi^ictimos known by the old 
name of Powder of Algaroth. One of the basic chlorides which can 
*be obtained crystalline, and is probably a definite coiApcund, ^las 
the composition [SbOlCl. It may be regarded as “ antimonyl 
chloride derived from the complex radicle [SbO]. 

Antimonious oxkh^ will dissolve in cold fuming nitric acid and 
in hot concentrated sulphuric acid to give a nitrate and sulphate ;* 
the solution in hot sulphuric aind dc'posit^ long eolourh^Ss needles 
of the sulphate on cooling. Both salts arc vc'ry unstable, and the 
crystals are at once hydrolysed upon tlfo addition of water. By 
partial hydrolysis of the normal sulphate^ antimonyl sulphate 
[SbOJaSO^ can be obtained. ^ « 

Among the most important oxy,, salts of antimony arc' the double 
tartrates. One of these, known as tartar emetic, is produced 
when antimonious oxide is dissolved in cream of tartar ” (potas- 
sium hydrogen tartrate). It is a i)otassium antimonyl tartrate, 
K[(Sb 0 )C 4 H 406 ]^Ha 0 , and is probably a complex salt, containing 
antimony in the anion. 

Antimonious sulphide, Sb-^Sg, is formed wlu^n a solution 
antimonious chloride or tartar emetic containing hydrochloric acid 
is precipitated wit^i sulphurotted^hydrogen ; it is an orange pre- 
cipitate, which, when dried, is found to bo soft and easily rvelUal, 
If heated to about 212° C. the orange substance bcc(^mes black. 
The temperature at vrhich the change from orange to black occurs 
is reduced by the presence of hydrogen chloride, ammonium 
chloride, and especially by antimony chloridb ; the latter substance 
depll'esses it to about 125° C. It is considered by a recent investi- 

f itor that itlje blackenin,g is hot duo to an allotropic change, ^nco 
d 9 e 8 not occuc at any definite transition temperature, and appears 
to be irreversible; it is probably caused l^»'he formatioivef a 
trace of colloidal ant’mony through the f)artial decomposition of 
the sulphide.^ i . • 

Precipttated antimonious sulphide disiJolvcs readily in sodium 
or • ammonium sulphide solutions, * soluble thioahtimonites 
(xSbjSj.yNajSy being formed ; ii^ this respect the sulphide of ^ 
antimony resembles , th^se of arsenic and Vin. Such solytions 
* » F. de Bacho, Ann. (Jhim. Apyl 12 (1919), 143. » 
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i^adily abs^b sulphVr, passing to thioanUnioftates, >lliich are also 
formed ^o^l^ extent when aj^^monious lai4>hide (isHolved in 
a yellow sampl,^ of ammonfum sulphide. Only tti(‘ t}uoa^tinionit{’'S 
* containing excess rf sbdium s^ilphide are solubh' in water, those 
rich in antipiony sulpliide being brown o» black insolybU' compounds. 
All •the thioantimonites are dccompos(^d by acids, regenerating 
an^monious sulptj^le. Antimonioua sul^iiwle dissolvt',^ in caustic 
alkalis, giving a mixture of antimonites and thioantimonites. 


i^itimonites. It has been mentioned that antimonious oxido^ 
is appreciably soluble in caustic alkalis; from the solutions anti- 
monites, corresponding to the arsenites, can l)i‘ obtaiiunl. For 


instance', a solution of antimonious oxide in caustic soda yields 
^idium antimonitc (NaSbOo.IlH^O or NagO.Sh.O.cbH ^^O), whilst 
if tlu‘ sojution contain^ excess of antimonious o\id(‘, an acad 
antimonitc {N'aSb() 2 . 2 HSl)() 2 ) is ])roduced. The antimonites are 


white erystallim' bodies, not very solulilc in water. 


B. Compounds of Pejita valent Antimony (Antimonic Com- 
pounds). ^ ^ 

Antimonic oxide, is •formed in a hydrated condition 

when antimony is treatid with nitric acid, and the anhydrous 
substance is fornu'd as a wllow' ])owder when tin* insoluble residue 
is cautiously lu'ati'd below 275' 0. As is so often the case, the 
► colour is m«ch darker when llu' oxi(.lc is wurm. Antimonic oxide 
is practically insoluble in wati'i*. 

^'**Antimonic Salts. The basic properties of the higher oxide are 
very feeble. It is slowly dissolvigl by hydrochloric acid, but it is 
difficult to prepare the chloride from the solution. Antimonic* 
C^rf^ride, SbCls is, however, o];tained by the diri'ct action Of 
chlorine on ^he metal, the combination being rath(*r violent and 
causing the evolution of heat and light. CuKously (‘iiough it is a 
much better detined su Instance than arsenic pentachlorido^AsC l .A, 
the very existence of which is still doubtful. Antimoinc chliirkle 
is a T^olatile liquid, boiling about 140' ft H hs not at once de.com- 
posed by ice-cold water, but hot watcT cause.^ hytbol} sis<t(f h} dratc'd . 
antimonic oxide and jwdrochlorio acid. Various dd'ubib ciiloridea 
are fbrtn6d by addlff^llgilino chlorides to the solution. 

A pentasulphide, Sb^Sj, is described in chdinical b^^rature, but 
recent investigations Tiave rend<?r(;fi it doubtful wTiether the sub- 
stance exists ^ ; the orange^red substance usftally regarde!.! as the 
pentasulphide probably consists mainly of a mixture, of lower sSl- 

♦ » F.*Kirchhof, ZeUsch. ^norg. Cher^. 112 (1920), 67 ; A- Short and F. H, • 
Sharpe, ‘y. Soc. Chetn.cJiid. 4l (1922), 109 t. Cortpare D. F. Twiss, J. Soc, - 
CAew. iad. 41,(1923), 171 t. . . • • 
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phides (SbSa*and SlfjSjfand some free sulphur. Hp^^ver, varioi^ 
thioantiiAojfate^ afo (tnown, soii^- having be^ isJ^ved ift the solid 
state. 'Hfie solution of antimonious sufphido in y^ow ammonium 
sulphide contains the ammonium sfilt ; it can*b/obtained in pale* 
yellow prisms, by crystallization. Sodium thjo^n^monate 
(Na3SbS4.9H20 or SNaaS.vSbaSj.lSH./)) is formed— along Wifh 
sodium antfimonatc — ky' dissolving antimoniou^' sulphide and^l- 
phur in caustic soda, and can be isolated from the solution in 
totrahedra having a yellowish tinge. It is known as “ Schlippe’s 
'salt.” Several thioantimonates of the heavier methlss- lik^the 
yellow zinc salt, Zn3(SbS4)2, may be obtained by precipitation. 

Antimonates. Antimonic oxide is only very slowly dissolved 
by caustic alkali solutions, but the various hydratc'd forms of t}v3 
oxide obtained on the gradual hydrolyt^’s of antimoiyc chloride 
dissolve more readily, pr(‘S(*nting a gn'ater surface area. Some of 
these water-containing varieties of “ aniimonic acid,'' ])repared by 
the earlier investigators, were assigned special names (pyra anti- 
monic acid, ortho-antimonic acid, etc.) toVxpress a })ossiblo corre- 
lation between them and the various ])l^)Hf)lioric aivl arsenic acids. 
But recent resc^arches on the refnoval of ivater from antimonic 
acid ” by allowing it to stand over concentrated sulphuric acid arc 
interpreted as showing that the compounds described were not 
definite hydrates.^ Similarly, the attempts to classify the various 
antimonates as pyro-antimonates, meta-antimonates, have^proved « 
unsatisfactory. Some of the amorphous antimonates described in 
the literature appear to be adsorption compounds. However, 
the hydrated forms of antimonies acid are allowed to stand in a 
^ solution of soda, ^various crystalline antimonates may bo formed, 
the composition of which depend upon the amount of alkalipreiwtt. 
The best developed sodium antimonate is obtained Vy the action 
N 

of y-- soda on hydrated antimonic acid and has the composition 

NafrH2Sb)507.6H20. It crystallizes in cubes or cubo-octahedra, 
and is commonly known .as sodium acid pyro -antimonate, 

« althouch’if <}he composition were written in the form 2Na8b03.7H20, 
itKJouid bb regarded as a sodium meta-antmonatc.^ 

The antimonates of the heavier metejs, bliiig mostly*ijft(fiuble, 
may bo obl>ained by precipitation from the sodium salts. 

t , *■ 

' C. Intermediate Cpmpouddrf. i 

^Antimonious -antimonic oxides (SbOji usually written 

1 G. Jonder, KoJ^. Zeitsch. 23 (191^, 122. ® 

Compare G. von' Knorre and P. Olsche'^lcy, jSer. 18 (188C), 2353, 
especially pages 2366 and 2361.^ 
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^b204) is f^med When either the lower ^)r higher oxide is heated 
in Jhe air lit Sfcw Brd heat. I| m conveiiit^it’y j^irepyeft by oxidiz- 
ing antimony Vith nitric acid, and heating the resultarit mixture 
to dull redness unl^l the weiglit is constant. ^ The oxide is a white 
solid. AVher heated strongly it yield.*? antimonious oxide (SbjOa). 
"^jJ^he intermediate oxide may,* of course, be regarded as a com- 
bination of the %ther tw<j, in fact as 1iiitimonious‘'antiinoiiate, 
SbgOg.SbjOg or Sb{Sb04). But since it seems to possess both a 
w^k basic^and weak acidic character, it is ])robab]y best regarded 
as a simple oxide derived from tetra valent antimony (ISbOa). When, 
for in.stance, the substance is fused with potash, a salt, KaSb^Og 
(or K20.2SI)02), is obtained, as a white body, soluble* in hot water ; 
.and from this salt other less soluble “ hypo-antimonates ” are 
obtained^by preci])itatj^n. Again, it sei'ins likely that thc^ corre- 
sponding tetrachloride (SbClg) is ]>re.sent in the dark brown 
solution obtained by 1h(^ action of chlorine on antimonious chloride 
(Sl/dj). The chloride itself cannot be obtaiiu'd from the solution, 
but the double chloiicies, which are h-ss soluble, can bo jirepan^d. 
Thus tlu^ rubidium odHipi'und, KbjSbdo, a])pears as a violet 
crystalline ])owder, vjien a sohition containing antimonious and 
antimonic chl()rid(‘s is tnsited with rubidium chloridi^ 

The corresponding sulfdiide or Sb.284) is formed when zinc 
tliioantimonate is (h*composed by an acid. It is tlu* main con- 
..tituent of the so-called “ golden sulphide,” obtained when a 
'ifciution of sodium thioantimonate is additic'd This precipitate is 
•tftually described as being mainly antimony jientasuljdiide (SbSg), 
but recent work - shows tliat it consists of the intermediate sul- 
phide, SbgSi, mixed with free sulphur, which c.^n bt* extracted with 
^r.rbofi disulphide, and sometimes soim^ SbgSg. Tlie sulphide Sb^S^g 
can be regarded as antimonious thioantimonate Sb(SbS,), or, 
alternately, as a simple sulphide of tetra valent antimony, ^bS,. 

D. Miscellaneous Compounds. 

Antimony hydride, SbH, (stibim), is a much less stal'lo 'sub- 
stance than the hydride of arsenic. “ Stjbine ” is \(>ry ditlicult to 
prepare in a pure staU^ but is evolved, mixed wiljh a, la ge c^ccess 
of 'hydrogen, whurtn antimony compound is added to dilute 
sulphuric acid in which^zinc is placed. Liki? arsine .,*the stibine is 
decomposed when passed thnwigh a gently-heated tube, a mirror 
of antimony being foriHed. Bift it diff<?5& from arsine In its be- 
haviour towards a dikt^ j^dution of silver nitrate. Hydrogen 
I antimonide reacts with the sili^gr nitrat-e in the nortnal way to give 

* * I? * 9 

* ' J. vow Szili\gyi, Zeitsch. Anal. Cffctn, 57 (1918), 23. 

IF, Kirchhof, ZeiM. Anorg^CKem. 112 (1920), 67. 

• • • * 
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black silver afitiraonfde ^nd nitric acid ; aftei* filtratioj^, therefore^ 
the solutio(\ ^6nta^i^n<5 antimonjr.| On the ftydr^en 

arsenide i^' oxidized by the silver nitrafb to arsen^s acid, 
can afterwards bo detected in solution, tho*bhK*k^precipitate pro- 
duced in this c^se Ixung not silver arsenide, but m^tallic^ silver. 

Various other antimoiiides are known as components of allws* 
but it sliouRi be notice*^ that in addition to tVeso salt-like anti- 
monides, other true “ inter-metallic compounds,” having formulae 
unrelated to the valency of antimony, are known. For instance, 
ihe UK'ltiiig-point curves of antimony-potassium alloys sho\f maxima 
at two ])oints corresponding to the compounds KgSb and KSb, 
The foruK^r compound (potassium antimonide) is greenish yellow, 
and ignit('s spontanoously when broken, wliilst ihe latter has a 
meWlic appearan(!e resembling antimony, afid is much less readily 
oxidized,^ The compound K.jSb is to be r(‘garded as comparable 
to a metallic salt, whilst KSb is a true “ inter-metallic compound.” 

Analytical 

Antimony compounds, when heab'd on. charcoal, give dense 
white fumes of oxide, and an incrustation of sublinu'd oxide on 
the charcoal. If this incrustation, wluUi cold, be touched by a 
drop of ammonium sulphide, it is at onc(‘ convertcul into orange 
antimony sulphide. In such a way, antimony is distinguished from 
other metals which give white incrustations on charcoal. 

A clear solution of an antimonious compound in hydrochloifl^ 
acid, when poured into excess of water, giv(‘s a cloud of basic salt 
or hydrat(‘d oxide owing to hydrolysis ; the solution is clarified 
on the addition of tartaric acid. Put this phenomenon is uul 
})eculiar to antimony compounds. , 

The identification of antimony in solution, and its quantitative 
separation from other elements d(‘pend upon the fact that of the 
common metallic sulphides which (;an bO precipitated in acid 
solution, only those of antimony, tin and ai*senic are soluble in 
ammonium^ sulphide. T^he se})aration from tin and arsenic has 
already been dis^nisscd in the section dealing with the first-mentioned 
metal. 

When antpnony is to bo determined by a gravimetric method 
it is usually precipitated from a hot acid solution by hydrogen 
sulphide, ^and the precipitate, filtered in a Grooch crucible, is heated 
at 230° C. in a current of carbon dioxide until the weight is con- 
stant. ^ The ignition at 230° C. is needed to volatilize any excess 

1 N. Pi?ravai;:), OazeUa, 45 (1915);’ i, 485. 

‘ Th. Paul, Zeitsc^'. Mai. Chm. 31 (1892), 640. 
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of sulphur. or to flf.cQ'npose any highet sulphide,* leaving pure 
Sb,S, ii» ^jl^ucible. ^ , 

She appro^Bato^ estimatioir of antimony m has already 

» be^ describedVi j}her section on tin. The alloy is treated with 
hot concentrated nitric acid, and all jnetals except tin and anti- 
motiy ale*cohvertcd to soluble nitrates. By bofling the residue 
with compact tin ^id hydrochloric acid, aHJlie antinu ^y is reduced 
to the metallic state as a Itlack powd(*r, which may bo dried and 
weighed. 

ill vieji^ of the difticulties att(‘iiding the gravimetric estimatioif 
of antimony, volumetric methods have special interest. Various 
methods have been described, depending ujxm th(i titration of an 
antimonious solution with iodine,^ potassium bromate ^ and 
^potassium permanganate^ resjiectively. Titration with ])crman‘ 
ganate lufs recently bofti shown to be possible even where (as is 
usually the case) the antimony solution contains hydrochloric acid ; 
rin general, it is difficult toHitrate a solution containing hydrochloric 
acid ‘\vith permanganate, since the acid itself decolorizes the per- 
manganate, chlorine beijj[g liberated. In the new method, a small 
quantity of ‘'*T*oirrier’s orange^’ is added to the solution before 
titration ; permanganate is now run in, and, as soon as it is in 
excess, chlorine appears i» the solution and bleaches the colouring 
material. The disappearance of the orange tint therefore marks 
t]j<* <?nd-pqint, 

# 

Terrestrial Occurrence 

The geo-chemistry of antimony resembles that of arsenic, but 
for some reason which it is difficult at present to decide, antimony 
occurs somewhat less closely intermingled with other metals than 
^cToes arsenic. Thus, the antiimmy is usually present in smaller 
amounts tlian arsenic in the or<;s of the heav} metals, such as 
copper and lead, whilst, on the other hand, extensive ores extremely 
rich in antimony exist in many ])lae(‘s. The Chi ores, for 
instance, contain 20 to 00 per cent, of the metal. Piaclic iriy all 
the jt^aluable ores contain antimony mainly as the sulphide 
Stibnite (Antimony glance) . SbgSj, ^ 
a rwthep s«ft miiirtrf* with grey metallic lustre, crystallizing in 
rhombic prisms. It luis evidently been deposited most case-s 
from thermal waterrf* arising from an^igneous masy, and is generally^ 
accompanied by quartz.'^ A reddish amorphous form of (he same 

' F. H. Heath, Am^r. J. S8,. 55 (1908), 613, describea a process for the 
iiodofoel^c determination of antiraotiy in the presonoo of oof»i>er. 

• J. Duncan, Ch(^. tifews, 95 (1907), 49. 

* L. Bertiaux, An%. Chim. Anal. 2 (1920), 273. 



compound f VmotasVbnile *’) is found in t^ft sinter, of certain 
mineral springs which farry antimony. ^ * 

In additioff to #ti6nite, we alJb^find^nativ# (el^entary) anti- 
mony, whilst in the oxidized portions of the ores^umerous aM- 
monatos, as well as antimonious o^de, occur. Other antimony 
minerals, such as? the silver-ore • «, a ^ 

•Pyrargyrite.r .... ^jSbSa, 
are of interest chiefly as a source of the other metal which they 
contain. 

Several of the important deposits of antimony arc ^situated 
around the Pacific. The ore is met with in Bolivia and, to a 
a small extent, in California and Nevada, in British Columbia, 
in Alaska, and in Japan. By far the most important deposit!^ 
occur, however, in China. As we pass f^outhwards the ore re- 
appears, on a much smaller scale, in Indo-China and on the 
borders of Burma, and again in Queenslaiul, New South Wales, 
and Victoria ; the Victorian ores are at present the most impoHant' 
of the Australian deposits. 

Outside the Pacific ore-circle, antimony ore occurs around the 
Mediterranean Sea, namely, in 'Portugal, , Spain, the South of 
Prance, Italy, Sardinia, Serbia, and Algeria. The lYench deposits 
are a stibnito associat(!d with auriferous p'yrites ; the Algerian ores, 
which are quite extensive, are mainly of an oxidized character.^ 
Antimony ores also occur in the Ural Mountains and* in several 
localities in Siberia. 


Metallurgy and Uses 

< Practically the Whole of the world’s supply of the metal is made 
from sulphide ore. In the exceptional cases where the ore^mitieTl 
contains, say, IK) per cent, of antimony sulphide, it can be smelted 
direct. Generally thV^ sulphide is disseminated in small particles 
throughout a mass of worthless material (quartz, calcite, or barytes) 
an(J M sometimes mixed with pyrites, galena, and zinc blonde. The 
two main processes for the separation of the antimony froni, the 
valueless mdtter are : — •' 

(1) lAqudiion processes, depending on the.,^y fvsibility of anti- 
mony sulphide, which melts at 540° C.^; theSe are Suitable* for 
fairly rich ol^s cpntaining, say, 40-70 per cent, of antimony. 

'* (2) Volatilization roasting ^ depending op the fact that antimony 
ores yield a volatile oxide (Sb^Oa) when roasted ; this process is 
suited for poor ores with, say, 10-20 i>er cent, of antimony, and 
also for the residues from the liqifiition process. ® 

1 K. C. Li, Min. Ind. 28 (1919), 2«. 
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it should ,be noti<^ that these two n^thods of <#cAicentration 
diffy^fi^^roducts. liquation yields^ the aulphid^ which is 
usuaiiy conve^^ metallio liftimony by ?ieHting*‘*Mith scrap- 
iron? whilst vo^tilizy-ition roasting yields the oxide^ which is 
generally reduced to th (3 nietaflic state^with carbonaceous fuel. 

• LlquaTibn.^ Crude and rather wasteful interinittciit methods 
of Equation rrcMi^JI largely used in ChivL'i-- which m the most 
important anthnonj^-produciTig country at the present time. The 
type of furnace (‘mployi^d is shown in Fig. 31 . The ore is placed 
in ^rfor^ted fire-clay jiots (A) which are set in th(‘ furnace and *' 
heated, until the antimony sulphide melts and trickles out through 
holes in the bottom into other jiots B set below ; most of the worth- 
less material remains in the upper 
pots. 

The product of thi' liifbation }>ro- 
cess is known as “ crude anti- 
monj^.” It consists, it Wiould be 
► noticed, essentially oi ^antimoniovs 
sulphide (81)283); but«^ a little 
sulphur is usiuSly burnt away (lur- 
ing the liquation ])roc<'ss, it geiUT- 
ally contains some oxidcfand also 
metallic antimony, formed no doubt 
^ by ifttcractjon between the <.)xid(^ 
and sillphide.^ 

■^Preparation of Metallic Anti- 
mony from the Liquated Sul- 
phide (“Crude Antimony’^. 

.The, sujphide of antimony is not. 
difficult to .reduce, but the com- 
parative volatility of the metal and 
its oxide is liable to make the process wasteful, if care is n(_^t takcJi. 
One method is to remdVe the sulphur by heating with iron. ^ In 
an alternative process, sulphide is roasted to produce the oxide, 
wliicll is mixed with coal and reduced to jlie metallic »on.iitioii. ^ 
The roasting of the sulphide to oxide is not, however, easy, as 
sulphide •teiids to juS^nd produce a frittetl mass to which air 
does not readily get access ; much care is neiided, if ^ be whole of 
the sulphur is to be eliminated.^ ^ » 

• • ^ ^ 

> K. C. Li, Trans. Amer. Ind*mL 11 (1917-18), *92. Alao A S. Whelei, 
Trans. Ind. Min. Met. 25 (19ft), 366. 

# * \f. R SchooUer, J. iSoc. Chem. JnM. 33 (1914), 169 ; 34 (1916), 6. 

* See #180 H. O. Hofiffkniand J. Blatchford, Ajet. Chhn. Eng. 14 (1916)9 
163 . . • . . . 
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Probabl}?^, (iherefore, the iron-reduction process is in genearal 
the more ^economical .jifethod of treating the li(WF j«^ ,sulphidfi. 
'i'his metho'u, which dispenses with the need dr^a preliminary 
roasting to oxide, has long been used in certain ^British antiifibnyo 
works, and when carried qut in pots is known as the ** English 
process”; it is also used in China. The reaction may be 
represented , 

Sb^S, 4- - 3FeS + 2Sb. 

Since the iron sulphide is immiscible with the antimony, wo may 
(expect to get two liquid layers, the lower one consisting of ^used 
antimony, and the upper one of liquid iron sulphide. The differ- 
ence of speoifie gravity is not, however, great ; and the separation 
of the two liquids is greatly facilitated if sodium sulphide is prosep|i 
in the iron sul])hide phase, since the sj^3cific gravity is thereby 
reduced. 

The operation is carried out either jn graphite pots or— -on a 
larger scale- in a reverberatory furnace ; processes involving th6 
principle of iron-prcKiipitation have also leen carried out in this 
country in water- jacketed blast-furnaces.*'"^ The antimony sulphide 
is mixed with excess of scrap irof., tinplate cuttings being preferred. 
Halt and scouriugs from a previous operation are generally added 
to assist the fluxing of any slag-forming mati'rial that may be present, 
and to reduce tlic losses by volatilization. Sodium sulphate is often 
added to the charge ; it becomes reduced to sodium sulphide, and i 
serves—as explained above— to reduce the specific gravity of the 
sulphide phase. When the molten product has separated into^Wii 
layers, the metal is pnirod or ladled into moulds, the sulphide layer 
being separated (‘itlnu’ before or after the solidification. 

The metal produced is, however, not pure antimony ; for junt\e' 
excess of scrap is always used in the process, an all«y containing 
about 7 per cent, of iron is actually obtained. This iron is removed 
by fusing with excess of antimony sulpiride. The ferrous sulphide 
produced separates as a matte, and the abtimony obtained is free 
from iron, but now contains a small excess of sulphur, since anti- 
mony suiphide is slightly soluble in metallic antimony. The sul- 
phur ik extracted by fusing the product under a special flux, which 
consists of a molten mixture of potash ^id«antimonyi s’dphide. 
This flux ro doubt •contains potassium thioantimonite, and readily 
absorbs sulphu/ (forming the thkrantimonate) ; in this way pure 
antimdny is obtained. It is curious to note that antimony sulphide 
is used first to remove excess ofJron, and then, in presence of 
alkali, to remove excess of sulphur. w 

1 W. B. SchoeUer, Trans. Inst. Min. MsL 23 (1916), 380. 
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^ *The p'irity of the*nietal is judged by thi a|rpearan^*of a “ star ” 
upon thu surface ot^the luefai it* is •allowed to 

ci^jf^talbae^j^'/ fi^o sur^facc^ of a neutral slag. In‘*^th^ presence 
of l\npimtK/fe ik} «jar is abserjt, or is very poorly defined. 

“ Volatilization roasting ” is the Jx*st methocj of dealing with 
i^rcs too poor for liquation, as well as for the residues left in the 
p«f& after liquaiio,n ; those residues s(ill pi)ntain soii^^e antimony. 
It is closely analogous to tffe process used for the x'olatilo concen- 
tration of zinc ores. The Herrenschmidt process,^ which wtis 
de1%lopo,^l hi France, and more recently has been applied on a 
large scale in China - and also in Canada, has jiroved most suc- 
cessful. Tli(‘ ores as mined ar(‘ mixed \utli gas coke or charcoal 
and are chargial into a roa.sting furnaci* C {Fig. 32), wlicro they 



rest u^on horizontal jir(‘-bars arranged step-wise. By means of 
fan F suffici(*nt air is drawn through the furnace to oxidize 
the antimony to the oxide SbJI,, which, being quite volatile, 
subliiiK's away, and is eojahuised in the vertlv.d <iir-cooled con-, 
«ileTwer>*C and may be removed from tinu^ to time through the doors 
D. The lait tract* of oxide is cniidensed in the coke tower T, 
down which waiter Irickles. 

Preparation of Metallic Antimony from the Volatilized 
Oxide. The oxidt* of antimony is n.s(*(l as tic source, not oply 
of»the metal, hut of ino.st antimony ctunpounds. Where it is 
desired to reduce it to the metallie eonditiiVn, it is inixccf v ith coal^ 
or charcoal, togethej^ith sodium carhouate which serves a8 a 
flux* iht> nftxture iffneatt^ by hot gases in a reverberatory furnace. 
Sometimes other sodium salts are add(‘d. Thb earbon *ireduces the 
antimony to the melallic state,* {yit Ft he sodium *8alt8, foxing- a 
fused layer, over the surface, prevent excosSive loss of metal by 

^ See C. Y. Wang, “ Antimony (Griftin). » 

# * W. K Collins, ■' Mineral Enterprise in Cliina " (Heineinann) ; C. Y. Wang, 
Trans. ^7ner. Inst. 60 (1919), 3. 

“ J. A. De Cow, M^l. ('hem. 16 (1917^ 444. 
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volatilization/ In spite (ft this precaution, hov;ever, a cpnsiderabfe^ 
fraction of ^h^*totaJ ipithnony is i^i^lly carried^offj^v^fte furnace- 
gases. The molten antimony produced *by the reaction pro^ss 
is run off through a tapping-hole At the ’sich^.^J^ The covering 
mixture of slag and of sodium salts is only slightly affecl^ecl by the 
process, and most of it, mixed with a little fresh material, can^’be' 
used for thef next charge. ^ ‘ '* 

The antimony thus produced is often impure, but a considerable 
proportion of the more reactive impurities can be removed by 
fusing under suitable fluxes containing alkali, antimoify rulph&e, 
and often sodium sulphide. In some eases an oxidizing flux, such 
as a mixture of nitre and carbonate of soda, is employed. 

Blast-furnace Production of Antimony. The blast-furnace 
has also been UH(‘d suecM^ssfully in the metajlurgy of antimony, and 
at C(irtain English works has taken the place of the pot-furnace. 
It is suited for the direct treatment of certain ores with antimony- 
content of about 25-40 per cent.— that is, ores intermediate in 
character b(dw(^en those suited for licjuatiori and those suited for 
volatilization -roasting. By treating a mixture of stibnite, coke, 
and fluxing materials in a water-jack(4e(i blawt-furnacv; a good yield 
of antimony can be obtainc'd. Part of the sulphide is converted 
to oxide, which reacts with the remaining sulphid(‘, yi(‘lding metallic 
antimony. 1 During the war, an American lirm carried on the 
direct manufacture of lead-antimony alloys in a blast-furnace, by 
the treatment of ores containmg gahuia and stibuiU*, mixed with 
certain oxidized on^s from Mexico.^ 

Uses of dntimony. Antimony is too brittle to be employed 
'in the unalloyed rftate, but various alloys containing antimony, 
along with lead, tin, or coppc'r, are of great importance. * They 
include hard -lead, Britannia metal, type-metal, ahd Babbitt 
metal, all of which 'have been discussed already. 

Technically important Compounds.^ Several antimony 
compounds are used as paints and colouring agents. “ Naples 
yellow ” js a basic antimoiiiate of lead, and is used in colouring 
glass. 'Antjnionious oxide (SbjOg) is used in colouring glass, and 
is now being manufactured in Australiri-::.?^ a pigment.^ The 
intermediate oxide (Sb, 04 ) is used in cerartdes as an opacifier. *ifnti- 
mony compoundvS arc likewise used in the eijamel industry. 

Othep antimony pigments'* include the “golden sulphide,** 
foimied by heating the tri.sulphide with sulphur and sodium sul- 

^ W. R. Sclioeller, Trans. Inst. Min. 27 (1918), 237. 

^ *G. P. Ruht^Met. Chefn. Eng. 2l (1919), 727. 

S. Baatin, U.E. Jeol. Eurv. Min. Rea. '(liTltt}, I, 723. 

* A. Klein, J. ^oc. Chen. Ind. 41 41922), 209b. 
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glude, so ag<to obtain Schlippe’s salt (I^jSbSi.OHitJ), and then 
precipita^i»1|p|^ filtped solutiojif^?! that sal1» with acid, aAs already 
staled \page tfiis product is probably mainly a inixtnre of tho 
sulphide SbS, Kfikl free sulplini'. Various basic suljihidcs are also 
employed in yellow and red paints. • , 

One of the chief uses of antimony sulphide is in the rubber 
intidstry, for tho manufacture of the red “ ^ntimony lubber.” It 
is partly added as a colouring material, but th(‘ free suljihur, 
and possibly some of the combined sulphur, play a part in the 
vulA-niza^kA process.^ 

The trisulphide of antimony, being ar(‘adily oxidizable substance, 
is employed in tho manufacture of niateh<‘s ; the lu ads of safety 
matches usually contain antimony Hul])hide and an oxidizing agent, 
such as potassium chlorate. 

Antimodj" salts are afto us(‘d as mordants in dyeing, usually in 
connection with tannin. If (;otton is treated first with a solution 
■'f tannin, and then with a'solulinn of tartar (‘metic, tlu^ “ antimony 

• tannate ” pr(‘eipitated j\ithin the fibr(‘ is capable of fixing certain 
chusses of dye-stutl's. .t. 

Antimoniav^ Mediciiies. In th<‘ Middle Ages antimony com- 
pounds were most priz(‘d by the so-called ‘‘ iatro-chemists (doctor- 
ing-chemists), wlio firescribed tlnun as remedies for all sorts of dis- 
ordei's. The use of metallie substanees in medicim^ subsequently 

# declined, owing to tho introduetion of organic drugs ; but recently 
the enfploynient of antimony’' (•ompounds in medicine has again 

vome of great importance. This is esjK'cially the case in connec- 
tion with tropical disc <iscs. Bilharziosis, a disease very prevalent 
among the Egyptian fi-llaheen and%ntil ns'cntly regarded as incur- ^ 
fibh‘,, isjiow ncati‘d with success by means of antimonial jirepara- 
tions— such as tartar emetic and colloidal antimony.- Even 
sleejiing sickness, which has caused so much destruction in 
Equatorial Africa, can sometirm‘s be tr(‘ate(I succi'Rsfnlly by a 
method in which both Tartar emetu; and “ atoxyl ” (.ui orgJMiic 
compound of arsenic) are userl, provided the treatment is started 
whilst' the disease is still in tlu‘ jircliininary stages. present, 
comparatively simple compounds of antimony, like tartar emetic, 
are used. Adtempir uSve lately been made to propMfo complex 
organic compounds of antimony analogous to ’the Org>nic arsenic 
compounds which have proved st) valuable.’’ Ei many cases, 
however, the antimony coftipounds have proy^fd less elective than 
the corresponding arsenic bj^db^. ^ «? 

^ B.*D«W. Luff and B,,p. Porritt, J. Soc. Chem. Ind. AO (1921), 275t. 

* H. Pi Day, Lancet, (1921), 625. ^ * 

» R. G. Fargher, J, 6’oc. Cherry, Ind. 39 (1<*20), 333ii. * 
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BISMUTH 

r " , 

Atomic weight . , . 208 0 

* Up / 

The Metal 

^ last element of Group Vb has a certain physical te^inblfence 
to antimony. Like the latter, bismuth is a hard, brittl(‘, crystalline 
substance, having a whitish colour and bright nu^tallic lustre. It 
differs from antimony, however, in possessing a slight pinkish 
tinge. It is also considerably hcavit'r, having a density of 9-81; 
which is, how'ever, rather lower than tluft of lead and the other 
metals of the same horizontal row of the Periodic Table, It is 
much more fusibh^ than antimony, meldng at 271° C., below the 
melting-point of lead, but above tiiat of tin (232°) ; like antimony, 
bismuth expands when it solidilh's. It hi, appreciably volatile at 
a red heat and boils at about 1,5|J0° 0. ; the density of the vapour 
shows that it consists of a mixture of simple atoms (Bi) and more 
complex moh'cules {Bi,^) The vapour dias a greenish-blue tinge. 

Bismuth, like arsenics and antimony, crystallizc's in the rhombo- 
hedral system ; as is usually the case with metals of Ipw melting- 
points, quite largt^ crystals arc* obtained when th(‘ molten luetal is 
allowed to solidify. If a crucible containing fus(‘d bismuth is coQ^ed^ 
until a solid crust appears on the surface, and if the crust is then 
pierced and the liquid portion <;)elow' is poured out, the solidified 
portions will be fb'und, when broken up, to contain well-developed 
rhombohedra. 

The aiTangcment of the atoms in crystalline bismuth has been 
determined by the "X-ray method, and is found to be similar to 
that of tlie atoms in antimony.^ 

'•V^hen bismuth is sublimed in Jiitrogen, a greyish powder, some- 
times dci^cribed as “amorphous bismuth,” is often obtained •wlfcro 
** the vapour condenses.’ But this product appears always to con- 
tain a trace of oxygen, and probably consi»4^o^ parti.cles of ordmary 
bismuth, the coalescence of wliich is prevented by a film of oxide. 
No modification corresponding to the yello>v non-metalHc variety 
of arsv^nic and antimony hUsoyet bccyi reported; and, indeed, 
non-metallic characters are so feebly developed in bismuth that 
this is not surprising. Like most soft metals, bismuth undergoes 

' 1 11, W. James, rhil. Maij. 42 (1921), 193 ; k.'ogg, Phil Mag. v2 (1921), 
165. ' * 
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flight cha^s of pioportioa (e.g. a .sl()\^*alteration|in volume) at 
companJli-^l^^low tempera tmo:. ; these have beei? ftseribed to 
** a^otropic changes by (joluai. ^ But it ap^x^ars doubtful whether 
there is any alfi;tropic change, in the strict sense of the word. 

Bismuth is^slowiy acted on b}^ inoisf air, lu'commg covered with 
Un iridescent film of oxide. Tf heated strongly, in the air, it is 
attacked, forming a yelhnysh fume of c»xid<\ but tiie oxidation 
proceeds less readily than in the case of antimony. 

"pie metal stands near the noble ” end of the Potentiat Series, 
It cannou rfisplace hydrogen gas from dilute hydrochlorie acid, but 
dissolves slowly if the acid contains dissolvi d oxygen. By nitric 
acid (of specific gravity 14) bismuth is oxidiz<*d. tin* soluble nitrate 
^being produced ; in this res])cct, bismuth ditf(Ts from the more 
feebly basic antimony, jvhich yi(‘lds an insohd)l(‘ product with the 
same acitf More concentrated nitric acid (specific gravity 1-54) 
renders bismuth passivo Bismuth dissolv(‘s in hot ('oncentrated 
sulp’uiric acid, sidphur dioxide Ixung evolvi'd. 

The anodic behavKiiir of bismuth 2 recalls that of antimony, 
marked valve fiction Ih-ftig diown towards many ('j(‘ctrolyti\s. In 
caustic potasi»s th(^ lilwi producvd on a bismuth anode w4! with- 
stand a ])otential of about 50d volts before it breaks down. But, 
in contrast with antimony, the film produced on a bismuth anode 
breaks down at a much lower ])otcntial if chlorides are present in 
the Tiquid.* In a solution of sodium nitrati* a bismuth anode is 
attaclred with a current efiicienc}" of a])])roximately 100 })er c(mt.''’ 

Laboratory Preparation. Owing t() the noble charac.tcT of 
bismuth, the reduction to the metallic state ])res('nts po difficulty. 
In a wet way it is ])ossible to obtain the metal from solutions of* 
•the salts by prcci})itation w'ith iron or lead. The metal is also 
obtained fusing the oxide in a enieihle with potassium cyanide 
wliich acts as a reducing agemt, or hy heating a mixture of the 
oxide and carbon, or by licating the oxub* in a current r)f hydrogen. 

To obtain pure bismuth from im])ure material it is iiest t 
crjfstallize the metal as normal nitrate from an acidified solution ; 
the purified nitratt' is converted to oxide by ignitiim u<nd reduced 
by heating in hydrogi^n or with potassium cyanide.'* lo can bo 
furthei" purified bf fractjpnal erystallization of the metal fused 
under a layer of paraffin. 

A considerable elimination of the riore easily o;tidizable impuri- 
ties (lead, ii:on, arsenic, siflphur), from crude^metallic bismuth can 

® • • 

EL Cohen, Froc. AmnL Acad. 17 (1916), 1236. 

Sfehuke, A7in. Phry. 24 (1907), 43. • * 

* B. L. R. Prideaior and 1/, W. Hewis, ./. Soc. them. Ind. 41 (192^, 167t. 

^ F* Myliusond Br Croachuff, Chem. 96 (19l6j, 23,7. 
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l)e effected by the simple^^expedient of melting the n^al below af 

oxidizing fnvc (e.g nitte, or a nd%ture of niteo aj?t b^rJix) ; foi 

the elimination of copper, a flux containing eodium 8ulphd(f'> is 

best. f 

0 • f 

Compounds * 

The chief compoundrffof bismuth co;*respond<^^o the oxide BijjOj, 
and are analogous to the antimonious compounds. As so often 
^occurs in the last metal of each group, the derivatives of the hij^hei 
oxide are less well developed than in the preceding niembers, 
Accordingly, the compounds corresponding to Bi206 are unstable 
bodies, and the actual existence of the oxide itself, in an anhydrous 
state, seems rather doubtful. On the other hand, wo find a cer; 
tain number of lower compounds correspepding to the oxide BiO, 
which have no counterpart among the compounds of antimony. 

A. Compounds of Trivalent Bismiith (Bismuthous Com 
pounds). 

Bismuthous oxide, Hi./).,, is formed iSy lu^atipg the metal in 
the air, or by igniting tlui (!arbonA.te or nitnati^ ; “ hydroxide,” 

prepared by precipitating a bismuth salt with a caustic alkali oi 
ammonia, gives up its water on being heated and yields the anhy- 
drous oxide. The anhydrous oxide is yellow, but the hydroxide 
obtained by precipitation is white. Cubic and rhombic forhis oi 
the oxide an^ known, whicli are respectively isomorphou8*to the 
two forms of antimonious oxide. ^ 

Bismuthous oxide has marked basic properties, dissolving in 
, acids with the foripation of salts ; on the othc^r hand, it has scarcel} 
any acidic character, and is insoluble in alkalis. In these lespectt 
it presents a contrast with antimonious oxide, which ir only feeblj 
basic but shows the ^)roperties of an acid. The so-called “ hydrox- 
ide ” produced by precipitation of bismuth salts by alkali always 
contains basic salts. It is, curiously enough, redissolved by alkal 
if glycerol bo present ; the action of glycerol seems to depend ugor 
^ the formation of complex organic salts containing the metal ir 
th^ anion, r sofne what analogous to the complex tartrates formec 
by antimony. ^ ‘ • 

Bismuth, salts are formed when the oxide is dissolved in acids 
^ or when the metal is treated with oxidizing acids. Unlike th( 
corresj^onding antirarpy compohnds, th^‘ normal salts of oxy-acidt 
afU easy to prepare in the solid condition, and, although hydrolysec 
upon the addition of pure water, pan easily be brought into %cle^i 
BOiution by the •presence of a little aci(}.'*^*But the tendjancy te 
hydro'^ysis is still 'important, and, if fihe solution in a(vd be diluted 
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^ with pure .water, a^cloujl is formed, whi#Ii ii dicato^the formation % 
of an bi^iic salt ; .in ccmtrast 1f> Jhe coiTeaponding “ anti' 

m^^ny clouds/^ the basii salfs of bismuth Vie not' clissolved by 
tartaric acid. 

Bismuth nitrate, Bi{N()3)3.5HjO^ is a deliquescent, colourless 
® cfystaKlihe body obtained when a solution of tl*e metal in nitric 
Md is evaporated. When it*} solutinn in cyiute ifiti ' jieid is ])ourod 
into a largo volume of wJlter, a basic nitrate is produced as a 
white precipitate. The composition of the biisic salt usually 
approximates to the formula Bi{ 0 H) 2 N 03 or [BiOJNOa.HgO, but 
it varies according to the (‘xact conditions of formation ; in fact, 
if sufficient water and sufiicii^nt time lu* allowt'd. hydrolysis con- 
tinues until finally the hydrated oxid(‘ is hdt. The basic nitrate, 
as usually produced, contains, no doufd , a number of basic salts, 
and posftbly some of fho products (l(‘scrihed in chemical literature 
as “ basic nitrates ” really consist of hydroxide with adsorbed 
bismuth nitrate, Tlu^ '>^alt mcuitioiu'd ahovi^ can, however, be 
obtained in wc'll-defined (Tystals and is probably a (duunical indi- 
vidual, The basic nj^'-atc's an* dissolved by acids, normal bismuth 
salts being ,^)roduccd. 

The chloride, Bi(^l,„ is formed wlnm th(‘ oxide is dissolved in 
hydrochloric acid. Oip evaporating th<‘ solution, the excess of 
water first evaporates off, thim tin* anhydrous eldoride begins to 
distil, anil may bo coiuhuised as a white solid in a cool tube. The 
sanf'/ substanci; is formed on passing ehloriiu' over gently-warmed 
’ ismuth in a tube. It melts at 227 '(’., and boils between 400'' 
and 450"' C. ; the \’apour-density indiiaites the ('xistince of normal 
molecules BiClj. The substance dis.soive8 withoi^^ change in a 
smay quantity of water ; but, if th(‘ solution oe diluted, hydrolyms 
occurs, and the insoluble basic chloride is formed. The latter 
body, usually known as “ bismuth oxychloride,” has the composition 
[BiO]Cl. It ifi probably a true chemical individual (“ bismuthyl 
chloride not a mcv’c adsorption product, since it e;ul bo obtained 
in well-developed crystals. Thc.so arij best forni'nl by <li*N‘yng a 
Veiling solution of bismuthous oxide in hydroehloiic acid with 
boiling water; the liquid is filtered and allowed to fiool, wlien 
cplgjirless ^tragonaV crystals si'parate. ^ * 

ITie insolubre salt® of bismuth, such as the whit'* phosphate 
and arsenate, are formed double dtJC^mposi'l^Tn in the usual 
way ; when ammoniiyp carbonate^ is added to a bismuth nitrate 
solution,* the basic carbonate is produaerl as a white precijjitate. 
TJie sulphide is obtaine<Fbf passing sulphuretted hydrogen through 
a 'r^smuth salt §a*ution acidified with hydrochloric acid ; it is a 
» A. de Schultep, BuU, Soc. Ckik 21 (1900), 156. • 
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dark brown pf Ajipitatf), alHiost insoluble in alkalis and in ammonium 
sulphide, bj^t approciab^jr ‘soluble a hot solution*^ yc^assium 

sulphide. ^ p 

Bismuth iodide, Bil.,, is another , rather ^pa^jii^ly soluble salt 
of bismuth and ^ is obtained as a brown precyfyitate by ^dding 
potassium iodide to a bismuth salt solution, or as a grey cfystalliho 
sublimate by« heading bii^iuth and iodine togetlj^r. * • 

B. Compounds of Tetravalent and Pentavalent Bismuth. 

* When chlorine is passed into a suspension of blsmuthous 
“ hydroxide ” in a boiling solution of caustic potash, the white 
colour turns yellow, red, or brown, and a mixture of more highly 
oxidized compounds is obtained.^ If the alkali is dilute (specific 
gravity 105 to 1-35) the main product is J^he oxide BiOj, which 
may be separated from the unaltered lower oxide by treatment 
with nitric acid ; the oxide is dark brown in the anhydrous con- 
dition, but the hydrate BiOj-HjO is yellow'. Wlien the alkali 
employed is concentrated (specific gravity l -^ to I fi) the principal 
product is potassium bismuthate (KBrO;;^, and by treating the 
mixture with nitric acid, it is posftible to obtain bi^t.iuthic acid, 
HBiOa, which may be n^garded as a hydrated form of bismuth 
pentoxide (BijOg). Few of these bodies liavo been obtained pure. 
A method of obtaining sodium bismuthate in a state of moderate 
purity is to dissolve the impure bismuthic ac^id in (30 •j)er cent, 
hydrofluoric acid, and then, aft(T cooling the solution to O®!?'., to 
add normal sodium hydroxide drop by drop.^ The yellow precij^i- 
tato thrown down is sodium bismuthate, and, after a small amount 
of washing, hrfs a copiposition approximating to Na jO.BigOs.nHgO. 

A dry method of preparing sodium bismuthate consists in heating 
sodium hydroxide and bismuth nitrate together and adding sodium 
peroxide. The fused jnass is allow^ed to solidify, and is ground up 
and washed with water. The product is by no means pure.^ 
Sodium bismuthate obtained by this methodL is often used in the 
analytical estimation of manganese. ^ 

^ , * 

(?. Gpmpoui^ds* of Divalent Bismuth. 

When bismuth basic oxalate is heated, darH residufe olTjofh- 
position BiO*‘l8 obtained ; this is generally considered to be a 
P suboxide.'* An alternative, method of obtaining the “ sub- 

^ (H Doichler, Zeitsch. Anorg. Chem. 20 (1§98J, 81. A useful table showing 
the effect of variation of the conditious upon Ihe product obtained is given 
, on page 102. f • 

*0 Ruff, Zeitsch. Anorg, j?Aem. 57 (1908), 220. ^ ^ ^ ♦ 

“ J. Re^ldrop and H.' Ramage-^ Tmn^, Soc, 67 fl896), ^.68. 
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(^ide ” is hy the partial reducing action d stjftinous chloride on a 
bismuth solution contai^ij^g causfifv^fjiaii. Sonie authori- 

ties^^ consider tffat the so*eaUc(l suboxide is merely n i^uxturo of 
'bismuth and bir^othous oxide (BijOa). Otheis^^ argue that it 
must be^ a degnite*' compound, since th» density (7;0) is not equal 
to the calculated density of the mixture {8-9) : the (h'Tisity of sub- 
stiihces varies, however, so much with the^» mode of preparation, 
that this argument IS not conclusive. It is, howov(‘r. also stated ^ 
that^when bismuthous oxide is reduced to the metallic state by 
means oftCtltbon monoxide, and tlui progr('ss of tfie reduction is^ 
plotted against the time, the curve shows a br(‘ak at the point 
corresponding to the composition Bit). The ('xist(‘iu‘e of the sub- 
oxide, although very probabh', must not b(‘, regardt'd as definitely 
proved. 

By the Action of metfiyl iodide va])our on tlu' “ suboxide ” at 

• about 200'^ C., it is ^possible to oldain red crystals of the iodide, 
Bilj, which, being volatnc, sublimes forward in the current of 

• methyl iodide.'^ A noi^- volatile basic iodide, 2BiIa.3BiO, remains 
in the reaction vessel. • 

Analytical 

All bismuth compounds Y(‘ated with carbfui before the blow-])ipe 
give^a brittle white bead of the metal, together with a yellow 

• incrus^atioif of the oxid(‘. Bismuth salt solutions give clouds of 
basic salts when diluted with water, and these clouds arc not 
dispelled by the addition of tartaric acid. 

A good method ® for iho (hdection of bismuth in minerals depends 
upon the formation of the brown iodide, live substance to bo, 
tested fs heated with cuprous iodidi' and sulphur upon a bright 
aluminium plate. If bismuth is presiuit a brown sublimate will he 
seen upon the wdiite aluminium ground ; verj' small quantities of 
bismuth can be detected in this w’ay. A sublimate of ioibne (which 
might be mistaken for bismuth iodide) will not appear if the yhate 
is ieated before commencing the test, 

The separation of bismuth from other rpetals is iatlis?r a long 
operation. The metal is one of those thrown down by svlpl uretted 
4 . hydrogwi inptlfo pn^sencd^f hydrochloric acid. From the mixture 

^ F. Treubert and L, Vanino, Zeitftch. Ami. Ghem. 53 (Hu 4), f564. 

• S. Tanatar, Zeiisch. Amrg^'hc^n. 27^(1101), 437 ; W. Hora and ,4- Quit- ' 

monn, Zeitsch^ Amrg. C/»cm. *3 (IDO”)* 04; W. Zeitsch. Autil. Ghem. 

54 (191i^), 103. ^ ' n 

» By F. J. Brislee, Pyk. Cherry Soc. 23 (1907), 286. • • 

©. Denlmm, J '^mrr. Cfu'm.^oc. 43 (1921), 2367. 

* W. M. Hutchings^’^ ''lef;4ribed by Sir W. Croohw in * Select Method!* of 

Gbemical Analysis " (Longmans^ ^ ‘ • 
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of 8 ulphidel»W)btainod, irfie sulphides of tin, antimony, and arseU^c 
are dis80^yed out bj (fh'e actioij^ pf ammonium sitiphi^® Of the 
remaining fhilphides only those of bismuth, coppf;r, cadmiumr^ and 
load are soluble in hot dilute nitric ^cid. The is first removed 
from the filtrate by precipitation with sulphiyjic acid (in. the pre- 
sence of alcohol). Subsequently the liquid is nearly neutrafissed 
with ammonia and t?;eated with excess of ammonium carbdhUe, 
which precipitates the* bismuth as a' basic cafbonate on warming, 
but leaves the copper and cadmium in solution ; the separation 
is, however, incomplete, and it is necessary for accur^tq, wor’k to 
rejK^at the precipitation. 

The precipitate may be gently ignited, and weighed as the oxide 
Bi-^Oa- Precipitates containing bismuth should never bo heated 
strongly in })orcelain emcibles, as they an; likely to act as fluxes 
for the glaze. ^ * •* 

Alternatively the precipitate may be mixed with potassium cyan- 
ide, and heated ; bismuth is reduced to ‘metallic form, and solidifies 
on cooling to a button, whicdi may lx; taken out and weighed. 

Anothtu' method for the separation of ^bismuth from a solution 
(amtaining copper and (xidmium ^(‘peniilh on the el(^tn)lytic deposi- 
tion of the bismuth, with the proper control of the cathodic poten- 
tial. ^ In order to separate bismuth ‘from cadmium a solution 
containing nitric acid and tartaric; acid should bo uscal ; in such 
a solution, if the potential at the cathode is ko()t within ( 1 ^;rtain 
limits, it is possible; to avoid tlie deposition of cadmium alolig with 
the bismuth. In the separation from copper, the solution sWuld 
contain potassium cyanide, as well as sodium tartrate, sodium 
hydroxide, »and formaldehyde the cyanide serves to prevent the 
de[)osition of cop{)er at a potential which is sufficiently depressed 
for the complete precipitation of bismuth. ^ 

t 

5 Terrestrial Occurrence 

t 

XHe geo-chemistry of bismuth is generally similar to that of 
arsenic and antimony, but, wving to the more “ noble ” ch%ra%ter 
of bismu^h^ it is quite vommonly found in mineral veins in the ele- 
mrntary CbnJition, as reticulated or arbqjpscent growths of native 
bismuth. On the other hand, the sulphide l^^lOwn ds ** 
Bisrauthinite (Bismpth glance), BijSg 
often occurs in soft Jead-grey fnasses, ivhich may be yellowish or 

* W. Soo4t, " Standard Methods of Cltomical Anal 3 ^ia " (Crosby Look- 
wood). t * 

H. J. S. Sand, Soc, 91 (1907),^37^','’^A. Fischer, 'bElektro- 
analytische SclinelhnethodonJ’ (Enko). ^ ^ 
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jndoscent owing to tarnish. Bismuth miliends are f^ry generally * 
mixed \tith (Mier metalliferoivj ,i;nineralf, ^nd indeed pertain ores 
of ^n, tungsten, lead, sihv'r, copper and cobalt acUially^ constitute 
the most imporvan.t practical sources of bismuth. In the oxidized 
portion? (jf ^isn/^iji ore dopDsits, the*earthy, stn^w-coloured 
Bismuth ochre . . . ^ioOa 

occurs. », , 

The principal ores of bismuth are found in the tin-mining diff- 
triits of B^^li\ ia, wlu'rc the bismuth minerals are intimately mixed 
with coiiipounds of tin and other metals. Certain copper ores in 
(California contain notable amounts of bismuth. Some of the tung- 
sten ores of Southern China are distinctly bismuthiferous, w^hilst 
. considerable dt'posits of bismuth minerals — often associated with 
tungsten — occ\ir in Qtj^ensland. Ninv South Wales, and Tasmania. 

Outside the Paeilic circle, bismuth is to be found in many cobalt- 
mining districts. 'I'lu' compl<‘X ores of the Temiskarning district 
*of Ontario, which contain cobalt, nickel, arsenic, and silver, also 
contain bismulh, oftei^, like the silver, in the native state. Bismuth 
is to be found in somf of the mines of Saxony and Bohmnia ; in 
fhe Saxon 'iJt.nes the •bismuth s partly present in the elementary 
condition, and partly as sulphide Considerable quantities of 
bismuthiferous ores al;<o occur in Spain, Rhodesia, and India. 

In some cases whi're small amounts of bismuth occur in the ore 
of anoth(*r metal, it exists— at least in part — within the same 
crysfals as the sc'cond metal. Thus bismuth api)(‘ars to be capable 
oicxisting in galena, crystals, apparently in a state t)f solid solution. 

• 

Met.\llur(;v and Csk.s 

f 0 

The existence of bismuth in the (»re of another metal — instead 
of adding to the value cd the ore — usually detracts from it-, since the 
presence of bismuth in the metal obtained by smelting such an 
ore is liable to cause?* mechanical weakness; for inM mce, copper 
containing a mere trace of bismuth suffers from laonouncfrc'^ter- 
grafiular fragility. , i 

Coasequently the separation of bismuth from the ptjir ipal ine.trfl 
im tho. ore wus^ pei^^)rce, Ixi carried out at some state in the 
metallurgy. In the caflf; of the ore,8 of tin and tung^sten, the bis- 
muth — ^which occv»s in distiiyt minerals— is separated from the 
cassiterite or wolfram in the i^tcli'minary^ore-dn^ssirg /ipcrationl 
Consequently, a great dea^ of “ bismuth concentrate ” Is prodyicod 
^ in ^Bolivia as a by-product of the epneentration’of tl*B tin ores 
mine^ in that cov whilsf smaller qgaiitities are produci^d 
Australia ^nd Tasmania, ^ well as^ iq the tungsten-minuig region 
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of China. the dthe# hand, where bismutfi occura*in the oreg 
of coppt^Fj^lead and silv(5r, bism^yi is usually allcWedetf> remain 
in the inet^il fintil the last stage of smelting, and is fftially’eliminj.ted 
when the metal is refined. The anodg slimes pro^ ij^od in the electro- 
refining of copper, and those produced in th/^Bet^s pleptrolytic 
desilverizing process for lead, are often rich in bismuth,* and fdruf 
an important soflrce <\^^tho metal. ^ 

Production of Metallic Bismuth from Concentrates. The 

bismuth concemtrates from Bolivia, China and Australia are shij^ed 
'partly to England and partly to the Unit<‘d States for Jmolting. 
The bismuth occurs largely as sulphide, although it is already 
partly in the (‘lernentary condition. 

The conversion of the crude sulphide to the metal is carried out, 
in a reverberatory furnace. 'Plie sulphicje is subjected first to 
oxidizing conditions until ])artly converted to oxide, wTiich is, in 
the second stagey reduced by carbon. Iron is oft(m included in the 
charge — no doubt to remove residual sul^>hur ; and fluxes, suoh as* 
sodium carbonate, as well as lime and ironc)xide, have usually to 
bo added so as to produce a slag having a coKveni(‘ntly low melting- 
poi nt. ^ An u ndu ly high temperatun^ causes Josses by^; olatilizatioTi 
and should be avoidc'd. 

Where— as is th(‘ case in certain concentfates treated in Germany, 
derived from 8axon and other cobalt-ores — the bismuth exists 
mainly in the metallic (londition, it can largely be separated by a 
simple liquation process ; but even tlu^re it is stat('d that the fiqua- 
tion process has, to a large ('xtent, b(‘en abandoned, as it fails^o 
remove the combined bismuth. 

All bismuth obtauied by thernlal processes is very impure, and 
may contain lead, arsenic, antimony, and copper. A good deal of 
purification can be effected by the liquation of the crude product, 
and a further amoui)t of arsenic can be removed as the volatile 
oxide by melting under oxidizing conditions ; under more drastic 
treatment (o.g. poling) antimony also caif largely be removed. 
Wh(Te' bismuth of fairly high purity is desired, however, it ^ 
pnderablo to^ use the product obtained from the electrolytic l^d- 
refinery.' ^ ' 

Production of Metallic Bismuth ^Irom vAnbdfc Stinies 
derived from the Electrolytic Refining of Lead and Copper. 

,A large proportion of the biijmuth manufact'ured in America is 
derived Ifrom the anode slimes obtained *ln the Betts process of 
desfiVerizing lead.’*^ Irr fact it is largely duo to this separation of 

‘ A. T. Ward, Min. Ind. 28 (1019). 56.» ^ i '' ' 

*JI. M. HiU, U.S. Geol. 'S^rv. Min. Res. (1918), :irt&5 ; J. B. Umpleby, 
U.S. Geok Surv Min. Res. (IQIJ), I, 29. , ' , 
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^femuth from the %d that the Betts pupces* is to compete 
with th» faife process, whicjjj is chea^r^ to conduct., but which 
lea^ much of%tHe bismuth ift tlie lead. * ' • • * 

The anode, slij^s'ccthtain bismuth, antimony, atonic, silver, and 
traces of gold, as residual lea^. Tlioy arc first treated in 

^ suitable manner to remove tJu^ more oxidizablo constituents, for 
iifttltncc, by fusion with a mixture of sodiuiy hydit)xide and sodium 
carbonate — a metlfcd wliiclf removes arsenic and lead ; if much 
co^er is present, sodium sulpliide is added to the melt in order 
to remiu^e*that metal also. 'J’he residue, consisting mafnly oj 
bismuth (94 i)er cent.) with silver and gold, is east into slabs, 
which are made the anodes in a second ele(di‘olytic r(‘lining process 
carried out in porcelain tanks. The ek-ctrolyte consists of bismuth 
chloride solution k(‘])t cl(*nr vilh an i^xcess of hydrochloric acid, 
and the <?!lthodes ar(' dj gra])hiie, or— in soni(‘ rt'lincru's- of pure 
bismuth obtained from a ]jrcvionH run. Bismulh is di.ssolved at 
ithe^anodo and (l('})ositc<l* on the cathode, whilst tiic im^re noble 
metals gold and silver arc left as anode slinu-s. If a suitable 
current density is usc{f,thc cathodic dcp<»sit is May fairly pure, and 
(jonsists ofji'^utiful dcaidriiu^ <*rystals (»f bisnmth, whi(;h may bo 
detached from tin* catliod(* from time to time and melt(‘d dowm ; if, 
how'cvcr, the solution becomes locally depleted of })istmith, or 
if it is not suflieiently acid, (he deposit is black, s]>o))gy, and 
usefbss.^ , 

Thb anode slimes are usually caught in porous ])().ves w'liich 
s’W'OUnd the ariodcs , they anj Avaslu'd with hydiocliloi’ic! ac'id to 
remove bismuth and aidimony, and ar(‘ tluai melti'd down to give 
a crude silver-gold imllion. * ^ 

Th^ recovery (»f bismuth from tin; anode slifnes ohtaiiual in th,« 
copper refineries - is of mu(4i less importance, \>ut noverthelesB 
furnishes an appreciable part of tiie worlds suj)ply of bismuth. 

Alloys of Bismuth.'^ Bismuth lias no uses in the uncombined 
state, being altogether t<io brittle, 4’he alloys of brsmuth with 
gfher ea.sily fusible metals-- althougli not possessing spocialF; good 
mechanical properties— arc of value in possessing rtmi^irkably low 
melting-points, if w<i alloy bismuth 270'^;«with lead yM.P. 

32^°)^ suit«ble^)ropv!»tions avc can get a eutectic mixture melting 
as low as 127° C., far betow the melting-point of either pure metal. 
SimiMrly, if we all«y bismuth .with tin (M.P. 23^°) in the eutectic 
proportions, an alloy luclting at^ 133° C. is^obtained ; the. eutectic 
of till and lead melts a*boi^t 182° C. But by alloying bisnpth 

1 A. Mohn. i?ZeclfocA«t», Ind. 6 (1907), 314. 

* L. AdSS McL Chetn. Eng. 17 . {*917^ 169 

» See &lso a: T. Ward, Min. Ind. 28 (1919), 51 
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(52 per cent.^^tin (Kipei^cent.), and lead (32 cent.), we can gfet 
a “ ternary eutectic,’’ meKing at a jtill lower tempeialure,*namely, 
96® C. ^ liSwer tht^rf tliis, we can^iot go wit0 only these three 
metals ; b\it by adding a fourth metal, cadmium, still more fusible < 
alloys can be arrived at. Numerous alloys are jpf^wn melting well 
below 100® C. \)f these, Wood’s metal, containing *50^^per cent.# 
bismuth, 25 j)or \jent. Jead, 12*5 per cent, tin, and 12-5 per c^rft. 
cadmium, may be menrioned ; it melts about ^1® C. 

Alloys of this kind — designed to melt at specified temperatures 
-are used for the fusible plugs which operate auteny^tic Ifire 
sprinklers, alarms, electric cut-outs and the like. They are occa- 
sionally used for obtaining casts of objects which would be destroyed 
if brought into contact with an ordinary fused metal. Bismuth 
amalgam has been employed in dentistry. 

Many bismuth alloys expand very coi^dderably — aij^does the 
metal itself — when they solidify. These alloys are occasionally 
used by j)rint(‘rs, in the place of ordinary type metal, where a» 
specially clear impression is needed. 

Uses of Bismuth Compounds. CerUin salts^ of bismuth, 
notably the basic carbonate, are ^ery largely usei»^a medicines 
Apart altogether from the speinfic medicinal value of the salt, 
larg(‘ quantities an^ consumed in (jonnectidn with the X-ray exami- 
nation of the stomach and a'soidiagus. Owing to its high atomic 
weight, bismuth is lU'arly o])aque to X-rays. Jf a ])atieKt is gfven 
a ‘‘ meal ” containing bismuth carbonate or b^isic nitrates a^id is 
then examined by means of the X-rays, a “ shadow ” will be thrown 
by the bismuth salts in his stomach on to the screen or photo- 
graphic platcf. which will serve to ilidicate the sha])e of the stomach 
itnd may provide v*aluable infornuition regarding the presepco.of 
ulcers. Similarly, in the examination of the cesophagus„(gullet) it 
is possible for the doctor to w'atch the passage of food (containing 
bismuth) down the cesophagus, by means of the shadow cast upon 
the screen; thus any obstruction present* can be detected and 
invusttgated.2 

“ Bismutb ointment ” is a w'cll-known household article, whil^ 
bismuth-and-iodoform pa.sto ” was much used in the war for the 
treat’inent of wounds. ^ ^ ^ r 

Other bisniuth compounds are used in the ceramic industry, as 
an ingredient in pertain glazes, wlych they render easily ffisible. 
‘Bismuthds likewise used in the'painting oftporcelain and the stain- 
ing ^f glass. One memod of gilding porcelain after it’ has been 

» G. Charpy, Cotnpte.9 Rmd. 126 (1898^ 1569. • 

* Si'veral papers rcgardiac the use of bismuth »if*fC-ray work appeared 
in tlie Brii Med, J. (1908b li, 711-716. See also Brit. Mid. J. (1914), i, 246. 
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da?:ed ^joueists in appjying with a brush a«|)aiiit cont%fciing finoly- 
divided bismuth basic ivjrato aiu? i^orax, suspc'uded in a 
suit^le oil-me(] i^itoiT On o«nipaWivoly gentle t)iSrningf l?c bismut h 
^alt flhd borax fu^'^and thus “ lix ” the gold powder to tlie glaze 
pr(ipe.r. ^Tho ^okr^aftiT burning, is pnly dull, but it may be 
Irightened^y burnishing with agate or even w'ith*fin(‘ sand. 
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Bomit^iS 
Brys, 67 

Brigh^ning bath, 94 
Britannia metal, 246 
Brochantit^ 20^ , 
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• • • 

Broken HiU, 85, 142, i43, 144, 146 

• Bronze (tin), 68 • 

alumiflivjii, - 

Brawn gojn, 103^ * 

“ Burgundy mixture,” ^5 
Butte (Montana), 20 

» C»dmiumran5lytical%67 
, (jpmpoimds, 166 
^ect on brass, 62 
effect on copper, 
effect on zinc, 154 
cnetal, 1§5 
techrailogy, 169 
terrestrial occurrence, 168 

• uses, 170 
Calaverite, 111 

California, 85, 113, 117, 185, 187 
Calomel, 176, 191, 192 
Carbon an^e^, 41 ^ 

CarmichaeTlBradfeid process, 266 
Cossiterik', 231 
Cement co])per, 43 

• C^^fasait/O, 140 
Cliali.anthite, 20, 21 
Clialcocitc, 20 
Clialcopyrito, 1^8 

Clamber j)luceb' lend), 28^ 

Cl^Mroal as precipitant for gol<l, 121 
Cbloanthit'O, 303 «. 

Chloridizing roasting, 43, 44 
(’Chrome yellow, 290 
riutquicaivnta, 20, 37, 38, 39 
Cinnabar, 185 
Claudotito, 303 

C(frtl*du8t in copper smelting, 32 
Cobaltite, 303 

Cobalt-silver ores, 85, ^4, 303, 305, 
331 

Coinage, aluminium bronze, 74 
bionzo, 72 
gold, I2d^ 
silver, 96 

Cold-working, effect on copper, 52, 53 
effect on zinc, 127, 154 
Colloidal gold, 103 
mercury, 173 
•silver, 78 

^ stannic acid, 224 
Colour and variable valency, I 
Ojndej^tion ^ mercury, J 87 
of zme, l’49, 15i * 

Condej^r-tubes, corrosion, 64 
Converter in copper-smelting, 33 j 
Copper, alloys, 66 p 

analj^icaJ, 16 # 

compounds, 6, 65 ^ j 

y conductivity, 63, 54 

Siatte, 30 J 

ma^ as coUectcy: silver, 86, 89 


• • • • 

CopjiejL motel, 2, 52» 
metallurgy, 22 *' 

platinjf;, 51 • 

refining, 8l^trolytB,*44 
refining, thermal, 35 • 
terrestrial occurrence, 18 
uses, 53 

" Copper-clail ” tlleel, 62 
Coring, 67, 71 ^ 

CoiTosioi»of brass, 0^ 
of cof1)icr, 3, 54 
of lead, 248, 249, 274, 275 
of tin, 220, 240 

of zinc, 128, 158 ’ > 

Corrosive sublimate, 178, 191 
Covcllite, 20. 21 
Crocoitc, 141, 260 
Crnolo'site, 206 

(Vowc' vacuum process (gold), 121 
” Crude antimony,” 319 
(Vypkunctia*, 288 
( 'ujs'llatien m analysis, 83, 110 
industrial, 270 
(‘upvic compounds, 7 
('uprito (muu'ral), 20 
Cuiintcs (salts), 7 
(’uprous compounds, 12 
Cyanidmg of silver ores, 88 
of gold ores, 119 
('zermak-Spirek furnace, 189 

Do I>avcl process. 151 
” Delta metal,” 60 
Deoxidizers for copper, 36, 55 
Dosilvcnzation of load, 268 
” Di'zincification ” of Muntz metal, 
68 

Distillalion of cadmium, 169 
of mercury, 186 ^ 

of zinc, 14'/ 

Dorr thickener, 38 
Dredging for gold, 116 
Dross, 161, 241. 269 
Duriron anodes, 39 
Dust (metallurgii al), awscnii; rei overy 
from, 304 

cadmium r»'oovcry from, xo9 j , 
in cofiper-sinnltuig, 30 
in lea^l-smcltinu, 2<)7* , 

Dutch process (foe white lr«.d), 282 
Dwight-Lloyd sintering procesJ;, 30, 
147, 265 

Electric calamiryLi, 1 ' 1 
lilectroanalyt'ical estimatif^i of co 
por,»?6 
of lead, 259 
of mercury, 184 * 
of silver, 83 
of tholiilim, 206 
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Eloctroanalytic^l estimjtion^of tin, 

of rinc, 137 . * 

Eloctrociionifijil protoi-rton of con- 
denser iPabos, 67 
view of brass corrosion, 66 
Electrolytic parting of gold-si|ver 
alloys, 91 1 

precipitation of gojd, 122 
production o^ bismuth, 3t*2 
production of copper, 37 ^ 
production of white lead, 285 
production of zinc, 155 
• recovery of tin, 244 
refining of copper, 44 
refining of lead, 271 
refining of tin, 240 
Electroplating with copper, 51 
with gold, 123 
with lead, 274 
with silver, 93 
with tin, 242 
with zinc, 161 

Electrothermal production of zinc, 
150 

Electrotyping, 51 
Emerald green, 55 
Emulsions, photogra[thic, 98 
Enamels, tin oxiclo in, 244 
antimony oxide in, 322 
Eiiargiki, 19, 303 

English jirocosa (for antimony), 320 
Erzgebirge, 85 

Faure accumulator iilates, 278 
Films, photogniphic, 98 
Flotation, 25, 89, 143 
Fluoapatitc, 231 
Fluorite (fluorspii.r), 142, 231 
Pranklinito, 141, 155, 11)3 
Fttuburg (Saxony), 85, 206, 207 
Fulminate of merciu-y, 180, 193 
Fulminating gold, 108 
Fusible white precipitatef, 181 

Galena, 139, 140 
Gallijim^ analytical, 197 
compounds, 196 
extraction from ores, 206 ^ 
historical, 198 * 

metal, 195 * 
terrestrial occurrence, 205 
Galvanized iroiy* 158 ^ 

Germanium, analytical, 215 
■iL. compounds, 213 *• 

extractfon from ores, 206i#,216 

n^tal, 212 

terre8tria\occuivenoe, 205 
Gilding metals, 124 
poil^elain, etc., 123, *334* « 


Gold, analytical, 109 
compoundtf, 105 
^ # metals, 103 ^ 

♦metallurgy, lf3 - , • 

parting fi^rn silver, 90, 110, 12^^ 
fiiating, 123 

terrestrial occurrence, 110 
uses, 123 • t ^ 

" Golden suiphido ” of antimony ,^31^, 
322 4 

GolclSchmidt fTrocess (tin recovery), 
243 

Grain-size of copper alloys, offect of 
iron on, 62, 74 t 

of photographic emulsions, con- 
nection with speed, 99 
of zinc, 127 

(Jravity separation, 25, 113, 143, 235 

Groeno<rkit(', 169 

Gunmetal^7l 

Gutzcit tost for arsenic, 31)1 
Hard-head, 239 

•• Hard lead,” 276 * 

HardfMiers for loul ami pewter, 245, 
273, 

I Haydini system ((iopjuir retining), 49 
Hearths, ahyllow (le#d-sfaplting), 261 
Hegelcr roasting furnace, 146 *. 

Hemimoi^dnte, 141 
Herrenschmidt process, 321 
Hiding power of pigments, 288 
High tenacity brasses, 59 * * 

Horn silver, 85 
Huelva, 21 

Himtingdon-Hoberlein pot-roasfttng 
i process, 265 
Hydraulic mining, 117 
* Hydrides, general, 210 

of antimony, 315 , 

of arsenic, 299 
of germanium, 214 « 

of tin, 227 
of lead, 257 

Hydrogen, effect on copper, 53, 55 

Impimities, effect on brass, 62 
effect on copper, 52 » * 

effect on zinc, 154 
Indium, analytical, 200 
compoimds, 199 * <i » 

extraction fronJ-jres, 2(56 
metal, 199 

.terrestrial ooi'urrence, 206 ^ 
^Induction period (zinc corrosion), 128 
InfusibU) white precipitate, 181 
Iron, ^ect on brass, 61 
enert on aluminium bronze, 74^ ^ 
fprecipitation process (for copper), 
42 * ^ e 
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Jig, 25 

Joplin, 141 * . 

Lal(f^ Supoiior copi»cr, 21, 44 -' 
Ijasacziiiski procefia (copper), 41 
Leaching procesBos for copper, 37* 
for gr/d,«ll9« ^ 
for silver, 88 
•fo^ zinc, 15j^ 

Leifol'-, accumulator, 277 ^ 

alleged allotropy, 25(1 
alloys (general), 270 
alloys witfc tin, 244 
analyttcal, 258 

as anode innterial, 41, 42, 274 
as collector for silver, 87 
compounds, 251 
concentration, 143 
dcsilvorlzatiou, 2()8 
effect on ’ «ass, 02 • 

effect on zinc, 154 
employment m bronze, 72 
» hard, 270 • 

metal, 248 

inelallurgy, 200 ^ 

pigments, 282 • 

^plating, 274 

reding, 2()H • • • 

tlTf^atnal oecurrenee, 138, 200 
uses, 273 * 

Leaded zinc {[ligment), 103, 287 
Leacly residues, 150, 103 
Leaf 0 Iters,* 120 
Lepiilbhto, 231 

Ligjyf. action on copjier salts, 15 
action on mercury salts, 170 
action on silver salts, 80, 90 
action on thallium saH- 203 
Liquation of tin, 239, 241 
of arjtimony ore, 319 
latharge, 252, 287 
Lithopono, 104, 170 
Lorandito, 206 
Luargol, 300 

Vlagnetic separation, 143 
VTAgnetite anodes, 39 

S alachite, 20 
ansfeld, 21, 23, 89 
‘ ^nggmese brgrize,” 59 . 

llanganese, effect oil brass, m 
Massicot, 252, 287 
W^arsh fsst for arsenic, 300 
tfatte (copper), production, 28 
as coUeckir for silver, 80 * 
Wercurous compounds, 175 ^ 

Ifercuric oompoimds, 177 
Wereiiry, alloys (amohams), 173, 191 
analytical, 182 • * 


1 Mercury, as collector for gold, 114, 

; ll£f 118^^119 • 

as collector for silver, 87 
compounds, 175, 19fc * 

I fulminate, 180, 193 

metal, 171 
n^otalliirgy, I SO 
k'rrostrial oecu#ence, 184 
uses, 189 ^ 

Metaeiima barite, 185 , 

Metastaniiic acid, 223 
Metastibnite, 318 
Mexico, 85, 88. 89, 141, 234 
Mierophotograpbs, xii 
Mild process for ubito lead, 284 
Milieu’s base, 182 
" Minerals separation ” flotation 
plant, 25 
! Mispickel, 303 

Montana, 19. 21, 23, 29. 31, 40, 141, 
155, 304 

MufTles, for zinc metallurgy, 148 
Multiple hearth roast'Cr, 31 
Muntz metal, 59 
eoiTOHion, OH 

! plafi'H m gold metallurgy, 115, 116 

' Naples y<‘llow, 322 
I N«'o-salvar.san, 306 
Nesslcr solution, 182 
N<‘\v .liTsey, 52, 141, 103, 240 
Nieeolito, 303 
^ Nipissmg, 88 

I Non-nietalhe propert ies, 209 

Oil-fired furnneo for copper, 32 
“ Orange oxide,” 288 
Organic compounds of arsenic, 30 
• 300 • 

of germanium, 214 
of load, 258 
of tin, 228 
of zine, 135 
' Orf)iment, 302 
Orthochromatic plak's, 10 1 
! Overpoled copper, 35 

I’aehuea, 85 

' J‘H<ldoek (Iredgos, 1 10 * 

’ PanchroTuatic plati ">, 102 
I “ Panning ” (for gold), 114 
: Parke’s process, 268 
. Parting limits, 92 \ 

I of gold-silver alloys 90 
Putio process, 88 
I PattinsoiV# process, 272 
I Perak, 234 

; Period of induction,* 128 ^ 

, Permeability, selective (copper fer- < 
rocy: nflde),*10 • 
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Peru, 85, 113 
pewter, 245 

Phosphor bronzft, 70 r „ 

Pho8phore8(^bl?co {zin(i rfulphide), 13,5 
Photograplfy, 96 
Pipmentfl, antimony, 
load, 282 
mercury, 192 ^ 

theory of, 288 
zinc, 163, 164 * 

" Pink Halt,” 226, 244 
Placers, gold, 111, 112 
tin, 233 

<Plant6 accumulator plates, 

Plastic bronzes, 72 
Plates, photographic, 98 
Plumbic eompoiuida, 253 
Plumbism, 286 
Plumbo -solvency (watomh 
Plumbous comiioutuls, 252 
Pncurnat-olytic agency, 23- 

Poling, 35, 239 

Polybasito, 85 

Powder of Algaroth, 31- 

Printing papers (photographic), 1 

” Prolong,” 149 

Propeller alloy, 60 

ProuHtito, 85, 303 ^ 

Pulo Brani, 235, 239 

Pulverized i-oal tor (>opper-smoltmg 

:V2 

Purple of CasHiuB, 103, 228 
Pyi-argyrite, 85, 318 
Pvritic process, -a ^ 

Pyrites, iron, association of copper 

with, 18 .,111 

association of gold with, 111 

Pyrites, copper, 18 


Quantum theory inphotoRraphy. 100 
Quicking (hefore silver-plating), 04 

Rand, 112, 119 
Realgar, 302 

Rod load, 255, 287 , \ 

of copper (electrolytic), 44 
of copper (thermal), 3a 
of lead, 268 , 

' of tin, 239 ^ 

•‘-Re-goncratmfe cells” (copper refin- 
ing), 46 , ,, 

Rogonorativo f.!rnaoca for ■/-■no smelt- 
ing, 14» . 

^ Reinsoh test for arsenic, 301 
Retorts lor zinc smelting, '^48 
Re^'erberatorv furnace for copper, 31 
^or lead,^163 
^ for tin, 237 
Rheifiah retorts, 148 


Ridge roasting furnace,. 146 
RioTinto, 2*1,23, 42. 

Ripening (photographic ^olsion), 99 
Ivoastec:, multipie|!;hoarth. for cig^por 
ores, 3J- ' 

Tor zinc ore8,''*];45 
Salvarsan, 306 , ^ ^ 

Sands, 24, h’.. 

Schlippo’s'salt, 314 ' c 

Scl^ 9 op’s process for spraying r'vith 
zin<!, 16 l‘ 

Scotch hearth, 262 

Scott furnace (mercury)^ 187 

Screens, 24 ' 

Season cracking of brass, 0- j 

analogous cluinge m load, 251, 27 J 
Selective flotation (lead and zinc), 14^ 
permeability, 10 
Semipormt!abl(‘ membrane, 10 
S(*ries system (copper re|ynng), 49 
Seton Carow, 145 
Shorardizing, 161 
Shot, load, 276 
Silesian muffli's (zinc), 148 

lead process, 26 1 

S,lu-i(luor,H.« "i/*”''' 

trofleposition, 2^1 ),^2 / 1 , - /-i 
Silk, weigUt'hiKt 24 ' 

Silver, alloys, 05 " 

ainalgun, 174, 191 

analytical, 82 

as by-product from cofiper, 44, 4J, 
86, 89 

colloidal, 78, 96 
eornpounds, 79 
extraction from lead, 308 
glance, 84 
m photKigraphy, 96 
metals, 75 
midallurgy, 86 
native, 84, 85 
parting (from gold), Vi 
plating, 93 

terrestrial occurrence, 84 
Silvering of glass, 95 
Sizing (copper ores), 23 
Slimes, 24, 119 
anode, 49 , 1 1 ^ 

Sluices (gold metallurgy), 114 
Smaltite, 303 
Smithsoiy.te, 140 ^ 

Solder, (•ommon,'*-45 

I containing cadmium, 17U 

*: Spangles ” cn galvanized Mn, m 
[ Speculum metal, 70 
' Sphalenie, 139, 140 . 

Spittmg of silver, 76, 90 
Spraj^ng process, 162 
Starnp battery, 118 
225 
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StAnnic acids^ 222 * 

• compounds, 222 
Stannito (lpjp.erOT), 

Staijiitcs (^Its), 2^0 
Stannous compounds, 22(i 
Statuary bronze, 72 • 

Stibine,^15 

•^tilimte, 3n ^ 

SWl5«te, 141 
Sti'fsjn-tin, 233 
Sublimed wliite lead, 2^ 

Sulphation of accumulators, ziy 
Sulphur dicyddo, in copper electro - 
lysiaf 41 

^ in zinc flotation, 144 

from roasters, utilization. I4(» 
Sulphur, ett'ect on coppei-, ;>3, on 

artar emetic, 312 
'onorite, 20^ • 

'etrahedrite, ID 
'halhiim, analytical, 2flr» 
compounds, 202 ^ 

I'.ft-raction Irom ori's, 20(5 
metal, 201 

terrestrial ocimrn'nce, ^5 
uses, 208 • ^ 

In. alloti'op^ , 2 W • ^ 

iriiiys, 244 
analytical, 228 
coinpoimils, 222, 244 
metal, 21 S 
metallui'gy, 234 
pli^, 240 
mTites, 234 

FOTOvery Irom scrap, 243 
refining, 239 
Hcrufl, 241 

t-errestrial oeciUTcnee, 230 
usci^240 
Topaz, 231 
Tournialinef 23 1 
Trail, 155, 272 

Triboluminescenee (zinc Bulplii(h‘). 
135 

Triphyllite, 231 * 

Trollliatten, 151 
Tftmimi^, 24 
Touglr piteh,” 35 

Tw liming in bras.s and bronze, 57, 71 
Tjipe jijeta), 274 

UlU), |77 

« 

Vacuum process for gold, 1:11 
Valve ^tion, 310, 325 • 


• • 

Vanadiiute, ^0 
Vamion 25, ^5 
Vennifion^ 192 - 

V'olatile conflefltratioii^OT antimony, 
321 • 

of zinc, 144, IG4 

Weighting of silk, ^244 
Wothorill processor magnetic separa- 
tion, r3t) ' 

of protnieing zinc oxide, 1G3 
White lead, 282 
White metal (alloys), 27(5 
White metal (copper matte), 3(1 • 

Wdfley tables, 2.-), 119, 143, 144, 235 
WillomiO*, 141 
Witwatersrund, 112, 119 
Wooil’s na>tal. 170, 334 
I Wulfenite, 141, 2(50 

X-ray meda-nl i^vamination, use of 
I asm nth m, 331 

X-ray study of crystal stria turo of — 
untimon}, 308 
I bismuth, 329 
copper, 3 
germanuim, 212 
uidiiim, 199 
lead, 248 
silvcT, 75 
silver oxide, 79 
tm, 218 

Im compounds, 22(5 

/me, alloys with copper, (58 
alloys with copper and tm, 71 
^ analytical, 13(5 

as precipitant for sflver and gokl, 

I 88, 119, fi* • 

! blende, 139, 140 

I bioiizes, 71 

compounds, 13!, 1(53 
c*oiu;enl’rafi<)n, 143 
ejh'ct of nnpurities, k54 
metal, 12(5 

metallurgy^ <lry, 145, U7,^15(^ 
metallurgy, wet, 155 
oxide, 131, 1(53, 1(5^ 
pigmcnte, 163, ftii • 
terrestrial oceurroiiee, 138 * 

uses, 158 
yellow, 1^4 
Zincatos, 131 ^ 

Zincite, 141 

“ Zincy klkd ” (pigment), 163, 28' 
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pagc-s. Demv ri\o, lO' ml 

REINFORCED CONCRETE DEjSIG®N. Vol I ' Tm oRy. By Osca% < 
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ipDj^uy 8vo, I |s net Vh>n 1 ! o’i/otr'- B\ ( >s( \k 1 ' mo-r, Se , .A.M Insf^.E. 
xit #216 pagt s, H(j di.igrani'' D< m\ .8 yo, in', ml •, 
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t it'd);! .i^in al ' I n l\ K< id< 1 in Ri );i"nal .md I’l.*, n al (n o^i iptiN lii tin t'nlvMsitV 
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THE GEOLOGY OF ORE DEPOSITS. JK H II M A., 
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TlHi; GEOLOfiV OF BUILDING STONES. By J. AnEr IlhwE, 
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T^E GEOLOyV OF SOILS AND SUBSTRATA. B/th- litt 1l li. 
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GE0I/)GICAL AND TOPOGRAPHICAL MAPS: 1 fcelr Interpre- 
tation and Use. By A R. Dwekk*'H() 1 ’!^, D.Sc., F.Gi>. econd Ldition. 

viii f 133 pa);ds, ^vIlh o<j illustrations ^kiny Wvo, ^s. net. 

AN INTRODUCTION T*0 MINE SURVEYING. By f Brvson, 

A.RT.C,, M.In.sUM E., Lecturrr*in#Miiiing at the Mining and, lechniral Col^c. 
4 |\'i|0qie and ti M tiiAMBKRf., M Inst M K .Certificated Colliery ManageUttnd Surveyor 
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METALS MEy^ULIC COW&UNDS. By.4‘ ft KlkNS, M A . 
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ASSAYING IN I’HEOflY AND PRACTICE^# i?y H A. WRxumT. 
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SERVICE CHEMISTRY, By the late ^vian Bf /.i- vves. F I C , F CfS ; 
<111(1 ) S S Mkvmi, [• I ( , J' t'b, I'roFssoj- of Chcmisti\, Koval Naval Collcf^e, 
( iie( iiwn h I imi Fomov v\i i 57b pages llliistiatc d Demv <Hvo, 21s 

KUEL. Solid, Liquid, and (;ascous. JH J vS S Hrvme, I'lf Skcom> 
Imhiion viv i i/2 p.ig' s, with 7 j illiistiatujns and is t.dilc'J Dcniv^vo, 1 Ss 
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PETROL AND PETROLEUM SPIRITS. A Description of their 
Sources, Preparation, Examination, and Uses. H> W K Cooday, 
A K S M . IMF. A M lu^t 1 * I, With a l'iela<( hv Sii Joijn L vdvivn, Iv ( M (i 
XII ; 1 i-, iJ.iges Illiisti.'ileii Deinv 8\(), io->. (td lu t 

THE ABSORPTION OF NITROUS GASES. l>y li*" \V WiiiB, 

M S( ,, 1 ' 1 ( , 1 le.id oK lieinisfi \ 1 )ep.ii iment , C .11 dilf I'l ( him d ( iilh j;e llhi^tiated 
Di m\ S\ 11, j Vi iM t 

THE CHEMISTRY AND TESTING OF CEMENT. Hy ( • 11 * 

Di'sui, D S( , I’ll I)., I'loleiMii of Ml t.illurgv in tli<' I'niviiiitv ot ‘ilieltii Id 

htlilion in I'h'piinition 

THE CHEMISTRY AND MANUFACTURE OF^HYDKOGEN. Bv 

P I uiii Ki VM) 1 1 I 0, \ K s M , A 1 M M , K \ I*. iflii'M Ui d ’ Di iiiv 

(loth, U)i t)d lie! f ^ 

PHE PRINCIPLES OF APPLIED ELECfTRO-CHEMISTRY. By 

A ) AiimvM', D Si , I’liiltssoi of ('hi iiiisti V , Kimt’i t olh gi , 1 otidoii mi S|7 
paK("<, "itli I (b ligiiies Dt mv iSvo, 231 m t • ^ 

FORENSIC CHEMISTRY. Ity A Lucas. OBF, FlC, Hiit'cAor of 

the (to\ t I imiiMit \iial\tii.il I .ihoi.iloiv ,nid Asv.n Olhi’e. ( ,nro viii ' 2b, S fj.g(s 
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ORGANIC CHEMISTRY FOR ADVANCED STUDENTS. * By 

Ji 1 11 s B ( (iiins , I’h I ) , B Se , I' K S , Protesioi ol Oigann ('henu>ii \ m tin Liiivrt- 
Mtv Ilf I i eds ^I'liiKi) lauini.N, 111 I hren .P.iiti ivai h P.ii t obtain. ihle u p. u.itel) 
Di'iiiv ,s\o, (lotli. iMs ii^ t eai h vohfine 

THE CHEMICAL SYNTHESIS OF VITAL PRODUCTS'- AND 
THE IN TER.REL/VTIONS BETWEE:N ORGANIC COMPOUNDS. 

B\ till' late I’loti'.soi KvpiiAn. Mi iuoi.a, !• K S , 1 It , eti wi P<‘k'es 

Siipei lov.il ,S\(>, 21s rii'U 

BIO-CHEMI^TRY. a Study of the Orig^in, Reactions, and Equilibria 
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A LABORATORY HANDBOOK OF BIO-CHEMISTRY. By \\ C 
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■Svo, III I I 

CHEMICAL DISINFECTION .\ND STERIL ZATIOI . iiy’S. Ku)E\l, 
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vLEAD POISONING AND LEAD ABSORPTION. By T M. I.Ei.i.i:, 
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VhySIO^ : it| Bearli^ on Bioloftx a«‘l Medicine. 
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